Google 



This is a digital copy of a book that was preserved for general ions on library shelves before il was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often diflicult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parlies, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the plus We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a b<x>k is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means il can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's hooks while helping authors ami publishers reach new audiences. You can search through I lie lull text of this book on I lie web 
at |http : //books . qooqle . com/| 



T 




r~ 



FROM THE LIBRARY 



OF THE LATE 



HENRY BETTS PARSONS 

(SCHOOL OF PHARMACY, 1876.) 

Presented to the University of Michigan by his 

widow, April 30, 1888. 



PERMANENTLY PLACED IN THE 

chemical Laboratory. 





i 



.01-3 3 




/3.A 



(Uoa~0~*tj4/ f 



CLMs , /o ; /ff3 , 



I 



SOUTH KENSINGTON MOSEDM 

SCIENCE HANDBOOKS- 



BRANCH MUSEUM, BETHNAL GREEN". 



ANALYSIS AND ADULTERATION 
OF FOODS: '-■'. ."..:: ■■■■': 



JAMES BELL, 

Frincipttl\ef the Somerset Bouse Laboratory, Vtct'Pre^tnt ef the Institute 
of Chemistry, etc. ..''" 

TEA, COFFEE, COCOA, SUGAR, &o. 




Published for the Committee of Council on Education 

. BY 

CHAPMAN AND HALL, limited, 

ii, HENRIETTA STREET, COVENT GARDEN. ' 
i88r. '. ■-:':'■.-' 



6>\ 



t< ■ 

-' *v 



F- 




xfoMK is Woman's own kingdom* To rule in her 
husband's heart ami home ty or ought to be, every 
-Wise's desire. Jf she can succeed in making his 
borne happy, Abe seed not fear losing he* husband's 
heart; and m Her own domain the mistress of a 
weH regulated home realises the idea pictured in 
'the lines of the poet Montgomery: ;. , 
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' Hete woman feigns* the mother, daughter, wife. 
Strews with frcsa flowers the narrow, way <C lilt. 

England's happy bonies have long been' her 
greatest glory; and this is sufficient to prove 
that her merry maids make true wives and good 
mothers. Of course all husbands are not what 
they shook! be, and it would not be fair to give 
the wives the blame for all the misery that exists, 
m many households; put certain it is that if 
both did their best there need he few nncomfort- . 
able ' homes ; for modern , life, with all its draw* 
backs, ha* given us many things to be thankful 
for. Every land under the sun is ransacked to 
provide the good things of life for Englishmen 
and Englishwomen, and there is no other country 
iq which the women, have such chances of making 
-a pleasant, happy hornet Even in the homes of 
the working men of to-day there are luxuries 
and pleasant things that kings and nobles might 
formerly have sighed for in vain. 

Take that simple article, Tka, which has .given 
Its name to the pEeasantest mmtly. meal 'of the 
<day. , Not so very long ago tea was such -a 
luxury, that a ta* j ^«a>paacet was considered 
a present worthy of an English; kingt ' Tc^dayy 
hundreds of ships, thousands of men, and millions 
of money are. annually employed in order that 
the families of England may have a supply of 
tea, in the consumption of which we rival the , 
Chinese themselves ; all praise, then, is due' to 
so superior a beverage that cheers, refreshes/ 
stimulates, and gives such universal enjoyment 
and delight! But wfat is TvaI tkat is tht 
gvtstum. Real Tea, yielding an exquisite aroma, 
delicious flavour, and anuunng strength in the 
cup, is produced by infusing the first crop leaf of 
early Spring (Aprn> This gathering commences. 
just as the bud begins to unfold^ and when the 
shrub is faU of succulent sapand rich juices. The 
preparation is simple; the rolling and. drying of 
the leaves is a process ^easily 'applied* and in- 
tended to expel air moisture, but at the same 
time retain all the aromatic and valuable pro- 
perties of the leaf. The firing is done in iron 
pans, which are round and shallow, and kept to 
an even heat by aid of a charcoal fire. It is an 
interesting sight in the season to view the busy 
Workers carefully preparing tea for the market. 
Of course Our remarks apply to Pure Tba, of 
the early Spring growth oqljy; there are many 
later gatherings of the Autumn crop, when' the 
leaf is old and tough, instead of young and 
tender r and this description would be quite 
unsalable but ' for the system of adulteration 
commonly practised to make thebrown. withered 
leaf *pjt**r jeaual to fine tea, That weuVknown 



and earnest traveler, the late Mr. Robert Fortune, ~ 
thus describes the process of producing that 
'♦beautiful bloom." which is pretty to the eye; 
but deadly to the teste: "There is now no 
doubt that all these faced tea? are dyed with 
Prussian blue and gypsum, or plumbago, te suit 
the taste of the foreign 'barbarians.* The process 
may be seen any day, by those who give them* 
selves the trouble to seek after it. Black teas are 
coated with gypsum to give weight and a sticky 
nature to -the leaf, plumbago and lampblack to r 
cover the white of the gypsum, and ferruginous/ 
earth to deepen the red ofthe liquor. TheChinese 
never use these dyed teas themselves,* (See 

. Fortune's work— #*«/ Ckdta Tt* is itaborattd 

for the European Marktt?l . . 

Some forty years ago the we&known firm pt 
Horniman & Co. determined to supply a great 
want of the public* The strong desire evinced 
for tea without the usual mineral facing; powder, 
induced Iffcssas, Hoaniman to send orders to 
China for Pure TEA-r-and a* the Oiinese them* 
selves drink it. The large slupments of this^rm 
found a ready sale amongst all classes of tea- 
drinkers, it being at once apparent that the tea 
"without paint < M was infinitel^soperior in aroma, 
asweU as exceedingly strong and delicious tQffcfe* 
taste; from that time the detaand-for Hqrniman's 
JVrb Tea has been daily increasing: their 
epeciafite* is sold in every City, Town, and Village *- 
in the Kingdom by four thousand Cnrmi\ts, who 
are authorised , Agents ; the annual sale now 
exceeds six million packets; and Agencies are 
extended to all the principal Cities of France* 
Germany, Russia, Italy, Austria, Belgium, Switzer- 
land, Holland* Norway, Sweden. Denmark, etc. 
eta; 

For the guidance of purchasers, HomaMAN'd 
Tba has the following distinctive characters : 

Eadi packet bears the signature W. H. & 
F. J. Hprniman & Co., London, Original 
Importers of the Ptma Tea* Each tmsoil and 
paper wrapper has the price plainly printed thereon 
to prevent mistake*. Each abet gives a descrip- . 
tion of the contents— whether Black Tea, Csssfct . 
Tea, or Mixed Tea. The Black is warranted 
free from plumbago or any other mineral feeing; 

S>wder; the Green Tka is free from Jfcussiaa 
ue> gypsttmi or any deleterious compound what* 
ever. • Long experience has shown beyond any 
question of doubt that the system of packing, by 
uuichinery— peculiar to Messrs. HoKNtMAxf^ut 
the best for protecting the Tea, and preserving 
its aroma and flavour. Tba is got tip lor sale put 
into bottles, tins, and other costly inventions ; but 
Messrs. Horniman are enabled to give better 
value Tka by itot adopting a costly and useless 
exterior covering. •• ' 

Finally, Horniman's Teas, are supplied by 

gemists in the Country, and Confectioners in 
ndon, A&t bf4ocaln#mes»printedin " 
. district Newspapers, and At the Railway 
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THE FINEST TEA 

THE WORLD PRODUCES. 

Cooper Cooper & Co. undertake to answer the oft-heard question, "Why is tea 
so dear?" and they say that it is simply because the Public in this, as in other 
matters, are powerless to insist on having their share of the advantages which result 
from falling markets. Tea, in fact, was never so cheap to buy since it was first 
imported into England, as may be easily ascertained by a reference to the current 
market reports, and yet relatively the retail price was never so exorbitant. Now 
Cooper Cooper & Co. have resolved to rectify this discrepancy, and to this end 
they undertake to sell the best teas that can be purchased at their respective prices 
at a smalt commission only on the actual prices paid to the importers. This system of 
business is specially intended to bring the public into partnership, as it were, or at all 
events to enable them to become participators in the great margin of profit which lies 
between the wholesale and retail price of tea. Cooper Cooper & Co.'s prices will 
be found to be ninepence per pound less money than those usually charged for identical 
qualities, while their highest class first crop teas at 3s. a pound are of a quality that 
is very rarely to be obtained at any price whatever. 



Selected from the List of Choice Black Teas. 

1. The finest Lapsang Souchong, 3s. a lb. This tea is exquisitely delicate in flavour, silky 
on the palate, and one of the finest teas ever imported into England. 

2. The finest Moning Congou, 3s. a lb., is soft, silky, delicately flavoured tea, and drinks 
full and round on the palate. 

3. The finest Kyshow Congou (the Prince of Teas), 3s. a lb., is a brisk, pungent, 
deliciously flavoured tea, of amazing strength, beautifully manipulated — full of flower. To 
taste this tea in perfection it should be drunk without cream or milk, as these to a great extent 
hide the pungent, malty flavour which is so grateful to the palate. * 

4. The finest Assam Congou, 3s. a lb. This is a very strong tea of Indian growth, draws 
a deep red liquor, is very pungent, a little coarse, but drinks full in the mouth. It is quite a 
distinct class of tea, rather peculiar, and not appreciated by all ; in fact, to like it requires an 
acquired taste. 

Unnumbered Teas. 

In Slate-tinted Bags. — Choice Moning Congou, 2s. 6d. a lb. This is the best of the 
second crop, and possesses great strength and good flavour, and will be found always good 
alike. 

In White Bags. — Marvellously good Black Tea, 2s. a lb. This tea win be found per- 
fectly pure, of fair strength and attractive flavour. 



Cooper Cooper fir* Co.'s Prices are for nett Cash only, without Discount. 

COOPER COOPER & CO., 

(EXCLUSIVE TEAMEN), 

50, King William Street, London Bridge ; 63, Bishopsgate 

Street Within, E.C. ; 268, Regent Circus, W. ; and 

35, Strand, W.C. (near Charing Cross). 



South Kensington Museum Art Handbooks. 



INDEX 



TO PARTICULARS OF MANUFACTURES AND ILLUSTRATIONS OF 

TRADE ANNOUNCEMENTS. 



.PAGB 

Art Furniture — Messrs. Druce & Co.'s 3 

Autotype Fine Art Gallery — The Autotype Company's . . . . . 4. 

Books, Art — Messrs. Smith, Elder, & Co.'s 6 

Books, Art — Messrs. Chapman & Hall's 12 

Carpets (Turkish, Persian, and Indian) — Messrs. Cardinal & Harford's . . 14. 
Carpets (Persian, Indian, and Turkish) — Messrs. Watson, Bontor, & Co.'s . 13 
Chemical Food — Messrs. Liebig & Co.'s .......<? 

Corn Flour — Messrs. Brown & Poison's 10 

Japan, China, and India Art Manufactures — Messrs. Farmer & Rogers's . . 13 

King's College • . . . / 

Knockabout Bag — Messrs. L. & S. Harron's 9 

Mosaic Pavement and Venetian Glass — Messrs. Dr. Salviati, Burke, & 
Co.'s .......... 4th page of Cover 

Macassar Oil, Odonto, and Kalydor — Messrs. A. Rowland & Sons' 2nd page of Cover 

Mincing Machines, &c. — Mr. J. F. Lovelock's • 9 

Music — Messrs. Novello, Ewer, & Co.'s • 5 

Musical Instruments — Messrs. Keith, Prowse, & Co. 's 7 

Ointment, &c. — Mr. Thomas Holloway's 9 

Pens, Steel — Messrs. Joseph Gillott & Son's 12 

Persia, Japan, China, and India Art Manufactures — Messrs. Lasenby 
Liberty, & Co. 's ........ 3rd page of Cover 

Tea — Messrs. Cooper Cooper & Co. 's ........ .2 

Yorkshire Relish, &c — Messrs. Goodall, Backhouse & Co.'s • . . n 



SOUTH KENSINGTON MUSEUM SCIENCE HANDBOOKS. 

[BRANCH MUSEUM, BETHNAL GREEN.] 

ANALYSIS AND ADULTERATION OF FOODS. 



THE 

ANALYSIS AND ADULTERATION 



OF FOODS. 2^-2-7 



JAMES BELL, 

Principal of the Somerset Houst Laboratory, Vice-President of the Institute 
of Chemistry, etc. 



fart £ 

TEA, COFFEE, COCOA, SUGAR, &o. 




Published for the Committee of Council on Education 

BY 

CHAPMAN AND HALL, LIMITED, 
ii, HENRIETTA STREET, COVENT GARDEN. 



CHARLES DICKENS AND EVANS, 
CRYSTAL PALACE PRESS. 



PREFACE. 

This Work is intended partly as an aid to those who may desire 
to carefully examine the illustrations of Food Adulteration in the 
Bethnal Green Branch of the South Kensington Museum, and 
partly as a contribution to the already published knowledge of the 
composition and analysis of articles of Food. 

The analyses, with the exception of those tinder the head of 
Coffee, which were made for the Inland Revenue Department in 
1852, are almost entirely new, and have been made with great 
care for departmental purposes. 

It is intended that this work shxll be followed by Parts II. 
and III., which will treat of the analysis and composition of 

other foods. 

It can scarcely be expected that a work like this, prepared 

amidst the labours of an important Government department, will 

be found entirely free from errors, but it is hoped that these are 

not numerous. 

JAMES BELL. 

Laboratory Department, 
Somerset House, 
August 1 88 1. 
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TEA. 



Botanical Origin. — The tea of commerce is derived from a 
plant named Thea sinensis^ which is an evergreen, and closely 
allied to the well-known genus Camellia. In cultivation, the tea 
. plant is generally found from 3 to 6 feet high, but if allowed to 
attain to its full growth it reaches to a height of between 30 
and 40 feet, and possesses a stem more than 1 foot in diameter. 
It is a native of China, Japan, and the northern parts of Eastern 
India; but its cultivation has been successfully introduced into 
some parts of British India, and it has been grown with a 
/ /"~ fair amount of success in Ceylon, Brazil, and Carolina. 

At one time it was thought that black and green teas were 
prepared from the leaves of two different plants, named respec- 
tively Thea bohea and Thea viridis ; but it is now known that 
one plant, Thea sinensis^ is the source of both kinds, and that 
black or green tea can be prepared at pleasure from the same 
leaves, the difference depending entirely upon the process followed 
in the manufacture. 

Description. — The tea of commerce consists of the prepared 
leaves of the tea plant, but in most samples there are present 
portions of the young branches and flower buds. The leaves are 
sometimes 2 inches long and 1 inch wide; usually, however, 
they are much smaller, though the full-grown leaf measures from 
5 to 6 inches in length. 

, B 
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The leaves are gathered four times during the year, the first 
gathering being made early in the spring, and the following three 
at intervals of about six weeks between each. The tea prepared 
from the first gathering is most delicate in colour and flavour, 
contains the smallest proportion of woody fibre, and is reckoned 
the best in quality. The quality of the tea depends also upon 
the age of the tree as well as upon the age of the leaf, the finest 
teas being produced from the young leaves of young plants; 
whilst old leaves, and the leaves of old wood, are deficient both 
in flavour and extract. 

In the first stage of the preparation of green tea, the leaves 
are gently heated for a few minutes to render them soft 
and flaccid, and after being removed from the pans they are 
rolled by the hand on a wooden table. They are again placed 
in the drying-pans, and the leaves are carefully kept in motion 
until sufficiently dry, the operation being proceeded with as 
quickly as possible to conserve the green colour and prevent 
fermentation. 

The leaves intended for black tea are thrown into heaps to 
undergo fermentation, and at the expiration of a few hours are 
tossed about until they become quite soft, when they are rolled 
into balls by a peculiar movement and strong pressure of the 
hands. They are next exposed to the air for some hours, and 
then alternately dried and rolled two or three times, and finally 
dried over a charcoal fire. 

It would appear that this process is not uniformly followed, as 
in some instances the leaves are partly withered by exposure 
to the sun for two hours, and then tossed and beaten by the 
hands for some time until they become flaccid. This is repeated 
two or three times at . intervals of about half an hour. The 
fermentative action appears to proceed during this part of the 
process. The leaves are next heated in an iron pan for a short 
time, and then rolled into balls, by which operation some of 
the juice is expressed. Having been half dried over a charcoal 
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fire, they are removed to an open basket and allowed to remain 
until next day, when the drying is again proceeded with, and 
continued with various precautions, until the tea has attained 
sufficient crispness to be considered ready for the market. The 
dried tea is then carefully sorted, by sifting it through sieves of 
different-sized meshes, and by hand-picking. In this way it is 
divided into parcels of uniformly-sized leaves, and at the 
same time every unsightly and imperfectly - dried leaf is 
removed. 

Some teas are scented in order to impart to them an agreeable 
flavour. The flavour is communicated by placing the leaves in 
contact with the flowers of plants possessing an aromatic odour, 
such, for example, as the flowers of Oleafragrans, which are used 
in the preparation of scented Pekoes. 

The two great classes of tea, green and black, are each sub- 
divided into a variety of kinds which are known in commerce by 
particular names. In green teas we have Gunpowder, Hyson, 
Young Hyson, Imperial, and Twankay ; and in black teas, Congou, 
Kaisow, Moning, Souchong, Oolong, and Assam. 

A tea is pronounced of good quality when it possesses delicacy 
and fulness of flavour with a certain amount of body, and its 
value in the market is determined by the extent to which it 
possesses these characters. 

Tea does not belong to the class of nutritive substances, but 
is chiefly prized on account of its refreshing and stimulating 
properties, the most obvious of which are those of en- 
gendering activity of thought, driving away sleep, and stimu- 
lating to greater muscular exertion. These effects, however, 
are not produced in the same degree in different persons; 
what in one produces simply a soothing sensation, gives 
rise, perhaps, in another, to a high state of excitability. 
Taken in excess, it is said to produce giddiness and nervous 
trembling. 

History. — Little is known of the early history of the use of the 
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leaves of the tea plant in the preparation of a beverage. All that 
can be affirmed is that they have been used for that purpose by 
the Chinese for ages past. Tea first became known to Europeans 
about the end of the sixteenth century. One of the earliest known 
references to it by an Englishman is contained in a letter addressed 
from Japan by an agent of the East India Company. In the 
early part of the seventeenth century, occasional small lots of 
Chinese tea began to be received in London from India ; but the 
price, which reached as high as ^10, and was never less 
than £$ per pound, restricted its use exclusively to the wealthy 
classes. About the middle of the century, tea was received in 
greater (quantity, and a large consignment falling into the hands 
of a rich merchant in the year 1657, he established a house for 
selling the prepared beverage, upon which a duty at the rate of 
8d. per gallon was levied for some time; and, from the year 
1689, tea was subject to a duty of 5s. per pound, with an addition 
of 5 per cent, ad valorem. 

The high rate of duty which was at first imposed on tea in this 
country was maintained for a long period, though frequent altera- 
tions were made in the tax. At the termination of the East India 
Company's Charter in 1833, differential rates of duty were im- 
posed ; but, being found to work badly, they were soon abolished 
and a uniform rate substituted. After this, various alterations 
were from time to time made, but always in the direction of a 
reduction in the rate, till, in the year 1865, the duty was fixed 
at 6d. per pound, at which amount it still remains. 

A remarkable feature in the history of tea is the great reduction 
which has taken place in its commercial value ; a tea of good 
quality being now obtainable at from 2s. to 2s. 6d. per pound. 

The imports of tea into the United Kingdom in the year 1880- 
amounted to 208^ millions of pounds. Of this 159^ millions 
came from China, and 45 j£ millions from British India, whilst 
the remainder, amounting to 3^ millions, represents in some 
degree the extent to which the cultivation of tea has progressed 
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in countries other than China and India. The comparative 
failure of tea-growing in some countries has been attributed 
not so much to climate and soil as to the want of skilled 
labour. 

According to the " Encyclopaedia Britannica," the annual con- 
sumption per head of the population in the United Kingdom is 
36 ounces. In England the consumption is 40 ounces, in Scotland 
35 ounces, and in Ireland 23 ounces per head. 



CHEMICAL COMPOSITION. 

Tea has been the subject of numerous investigations as to 
the nature and quantity of its several constituents. There 
has been a certain measure of agreement in the statements 
which treat of the kind of substances which form the bulk of the 
tea leaf, but a very great diversity exists in the results stated to 
have been obtained by different chemists with regard to the 
quantities in which these are present. This is especially true if 
we include the earlier investigations on the subject, the results of 
which, with regard to some of both the organic and mineral con- 
stituents, have not been confirmed by the more recent researches. 
The differences may partly arise from the various meanings which 
it is possible to attach to some of the terms in which the 
analyses are stated ; such as, for example, " Extractive," 
"Gum," "Sugar," "Tannin," and "Albumin." It may be 
said that the only organic constituent of tea which has 
been completely isolated and identified is the alkaloid 
theine, and this is no doubt due to the facility with which it 
crystallizes. 

The organic substances found to exist in tea are a volatile 
oil, to which much of the characteristic odour of tea is due, 
theine, tannin, an albuminous body, gum or dextrin, pectin, 
cellulose, chlorophyll, and resin. 
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The following results were obtained from the analysis of 
a Congou Tea at 2s. iod. and Young Hyson at 3s. per lb. 
They were selected as being fair representatives of black and 
green teas. 





Congou. 


Young 
Hyson. 




Moisture 

* m*»mc ••• ••• ••• ••• • • • • • • 

Albumin, insoluble 

f f soiu uie t • • . • * ... t • • •*• 
Extractiveby alcohol, containing nitrogenous matter 

Dextrin or Gum 

Pectin and Pectic Acid 

X AllXAUl ••• * • • •»• • • • • • • ••• 

Chlorophyll and Resin 

V^viiUlvdC • * • • • • • • • ••• ••• ••• 

**oix • • • ••• • • • ••• • • • «•• « • • 


8-20 

3 '24 
17-20 

•70 

679 

2 '60 
16*40 

4*60 
34*oo 

6-27 


S'96 

2 '33 
1683 

•80 

7*05 

•50 

3*22 

27*14 

4*20 

25-90 

6-07 


100 -oo 


100*00 



Oil of Tea. — The essential oil of tea is present in very small 
quantity. It has a specific gravity less than water, is of a yellowish 
colour, and readily passes into the form of a resin by ex- 
posure to the air. It possesses the peculiar taste and smell 
of tea, and has very potent stimulating properties. Taken in 
rather large quantities, the oil is said to produce headache and 
giddiness. 

The peculiar odour of tea is mostly developed during the 
process of manufacture. It is more than doubtful whether it 
arises solely from a definite body pre-existing in the tea, as we 
have found that the flavour of black tea was produced, by heating 
for some time to a temperature of 212 F. (ioo° C), a portion 
of an extract of green tea from which the .oil or resinous matter 
had been removed. 

Theine, C 8 H w N 4 O*— This is the alkaloid of tea. The pro- 
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portion in which it is present was for some time greatly under- 
estimated by chemists. More recent analyses, however, show a 
greater quantity. Stenhouse has found from 1*05 to 4*1 per 
cent. ; Peligot, from 2*3 to 4*1 per cent. 

In some recent analyses made by ourselves we obtained the 
following amounts of theine from 100 grains of the tea dried at 
212 F. (ioo°G): 
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Theine is very rich in nitrogen, of which it contains nearly 
29 per cent. Albumin and similar substances ^contain only from 
15 to 16 per cent. 

It is to theine, chiefly, that the beneficial and stimulating 
properties of tea are ascribed, aided, no doubt, by the peculiar 
volatile principle present in the prepared leaf. Theine exists in com- 
bination with tannin in tea, and it is an impure compound of these 
substances which precipitates on allowing a rather concentrated hot- 
water solution of tea to cool. Theine crystallizes from water in 
the form of long needles of a white and silky lustre, containing one 
atom of water of crystallization. It sublimes at 365° F. (185 C), 
and an attempt has been made to take advantage of this property 
to estimate the amount of theine in tea, but without any marked 
success. It dissolves rather freely in hot water, less so in cold water 
and alcohol, and with still greater difficulty in ether. It is altered 
by boiling with nitric acid, the product forming, with vapour 
of ammonia, a coloured substance which resembles murexide, 
produced in a similar way from uric acid. 

Albumin or Vegetable Casein. — This substance exists almost 
entirely in the insoluble form in tea. A small quantity is dis- 
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solved out with water, but the amount is less than i per cent. 
Like ordinary casein and coagulated albumin, it is dissolved by 
alkalis ;. but its separation by this means from the cellulose of 
the leaf is unsatisfactory. 

The cellulose of tea is readily acted on by the fixed alkalis, 
so that the albumin can be only partially recovered in an impure 
state. The amount of this substance may be more accurately 
determined by thoroughly exhausting the leaf, first with alcohol 
and then with water, and estimating the nitrogen in the portion 
of the ieaf remaining insoluble, reckoning the quantity so obtained 
as being all derived from albumin. 

When the nitrogen, associated with the cellulose in the form 
of vegetable albumin, is deducted from the total amount of 
nitrogen found in the leaf, a quantity remains which cannot be 
accounted for by any proportion of theine which has as yet been 
fairly obtained from tea. The alcoholic extract, therefore, either 
contains a larger amount of theine than has been recovered from 
it, or there is present a quantity of another and undetermined 
nitrogenous substance. 

Gum or Dextrin. — Substances under the indefinite term of 
"gum" are stated by chemists to be present to the extent of 
from 5 to 9 per cent. We have found, however, in samples of 
black and green teas, the analyses of which are given above, that 
dextrin, arabin, or similar gum, convertible into sugar by sulphuric 
acid, was practically absent. It is true that about j£ per cent of 
a gum corresponding to dextrin was found in the green tea ; 
but unless the Chinese are exonerated from the suspicion of using 
such a gum in making up green teas, it is open to question 
whether even this small proportion is natural to the leaf. 

Pectin, etc. — The characteristic gummy matter of tea appears 
to be pectin and pectic acid. It is obtained in considerable 
purity from the water extract after the tea has been well exhausted 
by alcohol. It is precipitated by alcohol in presence of hydro- 
chloric acid as a transparent jelly, the reactions of which, on 
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subsequent treatment with acids and alkalis, are those of pectin 
and pectic acid. 

Sugar. — Neither of the two descriptions of tea gave any in- 
dication of sugar. The tannin of the green tea gave, after boiling 
with a little dilute mineral acid, 1*33 per cent, of glucose, in- 
dicating that a portion of it existed as a glucoside. Under similar 
conditions the tannin of the black tea gave no sugar. 

Tannin. — This is the most abundant substance found in the 
soluble part of the tea-leaf. Although in some degree it answers 
to ordinary gallo-tannic acid in its reactions, yet, from its in- 
stability and the modifications it undergoes under chemical treat- 
ment, we are inclined to the opinion that it differs from that acid 
in some important respects. 

Chlorophyll and Resin. — Tea contains a small quantity of certain 
substances soluble in ether and benzol, and insoluble in water. 
These chiefly consist of chlorophyll and resinous bodies. It is 
probable that the amount obtained from tea is greater than what 
was originally present in the leaf, as some of the tannin and other 
constituents are liable to be changed by oxidation into a resinous- 
like substance. 

Cellulose. — The cellulose or woody fibre, which is insoluble in 
water, forms a considerable proportion of the tea-leaf. After 
extracting all the soluble constituents of the tea with water, there 
are left associated with the cellulose nearly all the albumin, part 
of the ash, and a little of the colouring matter. These cannot be 
well separated without loss of cellulose, the estimation of which 
has consequently to be determined by difference. 

Ash. — The following table exhibits the composition of the 
ash of seven descriptions of tea, including two qualities of 
Congou. 
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In these analyses of tea-ash it will be observed that soda 
is present in uniformly low quantities. The percentage of iron 
is lower than that given in some published analyses of tea-ash, 
but no account is given therein of the alumina which appears 
to be a constant constituent of the ash, and which was probably 
included with the iron. The presence of sulphuric acid appears 
to have been disregarded by most chemists. We find that it is 
present in remarkably constant percentages. 

The sample of " Moning " gives a high proportion of total ash 
(8*29), arising from sand and silica. It will be seen on page 28 
that a second sample shows only 6'SS per cent 



TEA. 
MICROSCOPIC STRUCTURE. 
The leaves of the tea plant vary in size, but seldom exceed 




FIG. I.— TEA. 

2 inches in length and i inch in breadth (Fig. i, a and b). 



The form of the leaf is that of an ellipse, terminating in a slightly 
emarginate apex. The margin is dentate, each tooth supporting a 




FIG. 2.— TEA. 



short caducous spine. The spines are best seen on the fresh 
green leaf, of which an enlarged representation is shown in Fig. a. 
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The principal veins proceed from different points of the 
midrib, ending in curvatures within the margin, and forming 
on each side of the midrib a row of oblong meshes or 
loops. 

The epidermis of the under surface of the leaf, seen under the 




microscope, consists of well-marked sinuous cells with numerous 
oval stomates, and a few simple unicellular tortuous hairs (Fig. 3). 
The skin of the upper surface is similar in structure, but 
the cells are smaller, and there are no stomates. 

The interior of the leaf is made up of fibro-vascular 
tissue, like that composing the midrib and veins, surrounded 
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on all sides by a network of round or oval cells filled with 
chlorophyll grains (Fig. 4, a). Scattered amongst these cells 
are peculiar branched bodies which have been sometimes 
called "branched and spinous hairs" (Fig. 4, c), but which 
are, in reality, branched, thick-walled cells. There are also 




FIG. 4.— GROUND TEA. 



present in the leaf numerous sphceraphides and other plant 
crystals. 

Chief Ckaraeteristics. — These are the looped or meshed 
venation of the leaf, the dentate margin with the short 
spines, the slightly emarginate apex, the numerous stomates, the 
unicellular hairs, and the peculiar branched cells referred to. 
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ANALYSIS. 

Although, in the analysis of tea, the more characteristic 
principles have chiefly engaged the attention of chemists, a 
more or less complete analysis of the leaf has been attempted. 
Various methods appear to have been adopted to arrive at 
an accurate estimation of the several constituents ; but, from the 
very different results obtained, some of them must obviously be 
incorrect. 

Instead of making a water extract only, we have first 
exhausted the tea as completely as possible with alcohol of 70 
per cent, and then with water, keeping the extracts apart and 
examining them separately. The result of following this process 
is that a larger total extractive is obtained than by water only, 
nearly all the tannin and soluble nitrogenous matter being found 
in the alcoholic extract, while at the same time the constituents 
soluble in water can be more readily dealt with. 

Off. — This is determined by distilling about 100 grains of the 
tea in presence of water. The distillate possesses a strong odour 
of tea, and contains a little chlorophyll and resinous matter 
mechanically carried over, which should be removed by filtration. 
The filtrate is saturated with chloride of calcium and shaken with 
ether in a separator. The upper layer of liquid is then drawn off 
into a tared beaker, and the ether evaporated at a temperature of 
about 8o° F. (26'6° C). The weight of the beaker and oil is then 
ascertained. 

Theine. — One of the two following methods is usually adopted 
for the estimation of theine in tea : 

First Method. — One hundred grains of dry and powdered 
tea are boiled for several minutes with an equal weight of 
calcined magnesia and 8 ounces of strong alcohol, and 
filtered. The boiling is repeated with a like amount of alcohol, 
and subsequently three times with distilled water, filtering after 
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each operation. The alcohol is recovered by distillation from 
the united alcoholic filtrates, and the residue, after addition 
of water, is filtered to remove colouring matter thrown out of 
solution. A further amount of colouring matter is got rid of by 
evaporating this filtrate to dryness, and exhausting the residue 
with boiling water. The resulting solution is added to the 
aqueous extracts obtained directly from the tea, and the whole 
evaporated to dryness with the addition of a further small quantity 
of magnesia, and completely exhausted with pure hot benzol. 
On distillation, or evaporation of the benzol, the theine is left in a 
crystalline and almost colourless state. 

Second Method. — One hundred grains of dried tea are reduced 
to a powder, and thoroughly exhausted with boiling water. To the 
extract, subacetate of lead is added as long as a precipitate 
appears. The precipitate is then removed by filtration, and the 
lead in the filtrate got rid of by means of sulphuretted hydrogen. 
The filtrate from the sulphide of lead is gently evaporated to a 
small bulk, and left for twenty-four hours, when the theine will 
be found to crystallize out in an impure state. The crystals are 
removed from the mother liquor, pressed between bibulous paper, 
dissolved in a little water, and left to re-crystallize. The mother 
liquor still contains a little theine, which some chemists have 
endeavoured to estimate by a standard solution of tannic acid. 
In the course of our experiments we have found the first of these 
methods to yield the best results. 

Tannin. — The amount of tannin in tea is sometimes roughly 
estimated by weighing the precipitate occasioned by a solution 
of gelatine and alum in a given quantity of tea solution and 
reckoning 40 per cent, of the dried product as tannin. By a second 
method 4 grams of gelatine and 2 grams of alum are dissolved in 
warm water and made up to 1 litre ; then 1 grain of the finest tannic 
acid is dissolved in 40 cubic centimetres of water and 10 cubic 
centimetres of a saturated solution of common salt, added along 
-with a little ground glass. The gelatine solution is introduced 

c 
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Two grams of tea are now exhausted with boiling water and the 
extract made up to 250 cubic centimetres. 10 or 15 cubic centi- 
metres of the tea solution are tested in the manner just described; 
the result represents the total oxidisable matter in the tea. To 
ascertain how much is due to the tannin, it has been proposed to 
precipitate the tannic acid in a given quantity of the tea extract 
with the gelatine solution, filter off a proportionate quantity, and 
test its oxidisable value by the standard permanganate. This 
latter indication is deducted from the amount obtained in the 
first experiment with the solution of tea, and the difference gives 
the number of cubic centimetres required to oxidise the tannic 
acid in the tea. 

Albumin or Vegetable Casein. — Six grams of finely powdered 
tea are digested with 3 ounces of alcohol of 70 per cent, at a 
temperature of 140 F. (6o° C.) for fifteen minutes and filtered, 
the process being repeated three or four times with successive 
quantities of alcohol The residue is next treated with water, 
and, after having been digested in a similar way, as in the 
first operation, is thrown on a filter and well washed with hot 
water. 

The insoluble portion which remains on the filter is dried and 
weighed; and, in order to determine the amount of nitrogen 
present, about 7 gram is submitted to combustion with copper 
oxide, and the proportion of albumin calculated by multiplying 
the amount of nitrogen obtained by the factor 6'$ — the relation by 
weight existing between albuminous substances and the nitrogen 
they contain being as 6.3 : 1. 

As already pointed out, a small quantity of albumin is 
precipitated by boiling the water extract. This precipitate is 
weighed and the nitrogen ascertained in the same way as 
above. 

Pectin and Pedic Acid. — The filtrate from the precipitated 
albumin is evaporated to a small bulk, and after the addition of 
a few drops of hydrochloric acid, the pectin and oectic acid are 
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precipitated by the addition of 200 cubic centimetres of alcohol 
of 90 per cent. The precipitate, which appears as a transparent 
gelatinous mass, is separated by filtration, re-dissolved in a little 
water, and again precipitated as before. The precipitate when 
well washed is dried and weighed on a tared filter. A portion is 
then ignited to ascertain the amount of ash present, and the 
remainder is boiled for four hours with water acidulated with 
10 drops of sulphuric acid to convert any dextrin or similar 
substance into glucose. The weight of ash and dextrin, if any, is 
deducted from the weight of the alcoholic precipitate previously 
ascertained, the difference being regarded as the percentage of 
pectin and pectic acid present. 

Dextrin. — The proportion of dextrin or gum is ascertained 
from the amount of sugar produced by boiling the alcoholic 
precipitate with dilute sulphuric acid, as in the above process 
for the estimation of pectin. The quantity of sugar formed is 
determined by an alkaline copper solution, as described on 
page 107, from which result the dextrin can be readily calculated ; 
100 parts of glucose or 95 parts of cane-sugar being equal to 
90 parts of dextrin. 

Cellulose. — The percentage of cellulose cannot be determined 
by direct analysis, and the process followed is usually an indirect 
one. The amount of cellulose is represented by the portion 
insoluble in alcohol and water, less the mineral matter, and 
insoluble albumin. The ash is obtained by igniting a known 
weight of the dry residue, and the albumin, as before stated, 
by combustion with copper oxide. The difference is the per- 
centage of cellulose and insoluble colouring matter present in 
the tea. 

Chlorophyll and Resin. — Fifty grains of the dry and finely- 
powdered tea are left in contact with ether for twenty-four hours. 
The ether is passed through a filter, and the tea-powder washed 
with warm ether. The filtrate is evaporated to dryness, and 
treated with hot water to dissolve out any substances soluble 
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therein. The portion insoluble in water is then dried and 
weighed. 

The powder left after treatment with ether is shaken up with 
alcohol for some time, the alcoholic extract is filtered and gently 
evaporated to dryness. The residue is. exhausted with benzol, 
and, after filtering and evaporating the benzol, the extract is 
treated with boiling water, as in the former part of the process. 
After removing the water, the resinous mass is dried and weighed. 
To this result is added the quantity of extract obtained by 
ether; the sum multiplied by 2 gives the percentage shown as 
" chlorophyll and resin." 



ADULTERATION. 

At one time there were probably few articles so generally 
adulterated as tea, especially when its price was such as to hold 
out strong inducement for the manufacture and sale of a 
spurious commodity. The sophistication was carried on both 
in China and in this country; but for many years past the 
adulteration of tea has been effected almost entirely before its 
importation. 

The spurious teas manufactured in this country were composed 
sometimes of exhausted tea-leaves, and sometimes of the leaves of 
other plants, such as the elder, the sloe, and the willow. The 
leaves, when made up to represent green tea, were generally 
prepared with some of the following substances : viz. gum, Dutch 
pink, Prussian blue, indigo, carbonate of magnesia, French chalk, 
and sulphate of lime ; and, when made to represent black tea, the 
leaves were slightly coloured with Dutch pink to impart a 
bloom. 

The sophistication of teas imported from China has most fre- 
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<quently consisted of partially exhausted leaves, and of leaves made 
up with a large proportion of sand or broken quartz, by the aid of 
a little gum, and then skilfully rolled and re-dried so as to resemble 
ordinary commercial teas. Plumbago was generally employed to 
give uniformity of colour to black, and a mixture of Prussian blue 
and soapstone to green teas. 

Happily, at the present time, a great change has taken place 
for the better in the quality of the teas found in commerce 
and supplied to the public. It is now of very seldom oc- 
currence that quartz or foreign leaves are found mixed with 
tea, or that colouring matters to the same extent, or in the 
same variety as formerly, are discovered to have been used in 
facing tea. 

The adulterants of tea may be classed under three heads : 

1 st. Those substances which can be detected by their physical 
properties — such as foreign leaves, quartz, excess of sand, and 
certain colouring matters. 

2nd. Those which can be distinguished by their chemical 
properties — for example, Prussian blue, clay, soapstone, gum, 
rice-water, etc. 

3rd. Partially exhausted leaves. 

The quartz and sand are usually made up with the tea 
when in a soft and flaccid condition, and are ingeniously 
concealed in the nodules formed of the leaves. Sometimes 
irregular grains of quartz have been simply coloured with 
plumbago or other substance, and so made to closely resemble 
some kinds of genuine caper tea, with which they have been 
mixed. 

Magnetic oxide, sometimes referred to in the trade as iron 
filings, is found associated with quartz and sand in tea. 

An attempt at explaining the presence of this compound has 
been made by attributing it to the ferruginous character of the soil 
on which, in some localities, the tea plant has been cultivated, 
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but the quantity found is often much too large to be accounted 
for by the accidental admixture of portions of the soil during the 
process of gathering the leaves. 

The object of adding Prussian blue, China clay, and similar 
substances intended to impart a greenish tint appears to be two- 
fold, namely, to improve and give uniformity to the colour of boncb- 
fide green tea, and also — which is very reprehensible — to give to 
old and inferior black tea the appearance and external character 
of green. 

In adding the colour, the leaves are usually moistened with 
rice-water and re-heated. Whilst in this condition, the finely- 
powdered colour is shaken on the tea, which is continuously 
stirred, until a uniform tint is obtained. Sometimes a little yellow 
colour such as turmeric is added first, and then the Prussian blue 
or indigo; in other instances, the Prussian blue mixture alone 
appears to have been used. 

Some years ago large quantities of exhausted leaves were 
collected in this country, and, after the addition of gum and 
other matters, were rolled and re-dried so as to resemble genuine 
tea. This spurious tea was mixed with tea as imported and sold 
to the public as genuine, whereby a very serious fraud was 
perpetrated. By the vigilance of the authorities this practice was 
suppressed, and we believe that it has never since been suc- 
cessfully resumed. It has occasionally happened that an im- 
portation of tea has been submerged in sea-water; in some 
instances such tea has been re-dried and brought into the 
market, but perhaps more frequently re-shipped to another 
country. From the present general soundness, however, of 
the tea trade, the sale of such a description of tea has been 
reduced to a minimum. 

It is well known that the manufacture of spurious tea has been 
carried on to a considerable extent in China, and that large 
quantities of the sophisticated article have been imported from 
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time to time into this country, some of which has been known in 
the market by the name of the " Mahloo Mixture." Owing, how- 
ever, to the rigid scrutiny to which tea is now subjected, it is 
likely that the quantity of such spurious teas passed into this 
country will become very small. 

It has been seen that the adulterants of tea may be conveniently 
studied under three heads — viz. : 

1 st. Substances which can be detected by their physical 
properties. 

2nd. Mineral salts, along with some organic substances,, 
all of which have distinctive chemical reactions. 

3rd. Partially exhausted leaves. 

When tea is treated with hot water a large proportion of the 
soluble organic matter of the leaf is extracted, together with some 
of the mineral compounds, chiefly potash salts. If in a suspected 
sample the problem to be solved was merely whether it consisted 
wholly of exhausted leaves, the proof of sophistication would be 
very easy. But when a portion only of the tea is in that condition 
the question presents greater difficulty. This arises from the fact 
that in vegetable products, tea amongst the rest, nature has provided 
no hard-and-fast line as to the proportion in which the soluble or 
characteristic constituents may be present Where a given test, 
say that of the total water extract is relied upon and applied 
to a number of teas, great difference exists between the 
maximum and minimum results. It is obvious, therefore, 
that a considerable admixture of a spurious tea could be 
added to one of the better kinds without reducing the amount 
of extract below that obtained from a genuine though inferior 
tea. 

It will be found difficult in practice to separate individual 
exhausted leaves. Where this can be done, the results of an 
analysis of them would no doubt be conclusive. Usually it is 
necessary to weigh out a given quantity — say 100 grains — of the 
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tea,,and after repeated extraction with boiling water, the filtered 
extract is evaporated down either in whole or in part, and the 
percentage of dry extract calculated. 

Or, 200 grains of tea are finely powdered in a mortar, and 
introduced into a flask with 2,000 grains of water at 60® F. 
( I S'S° C.), and raised to the boiling-rpoint over an argand burner. 
After this point has been reached, it. is removed from the lamp, 
allowed to stand for 2 minutes, and filtered hot to prevent 
deposition of the tannate of theine. The specific gravity of the 
filtrate is then taken with a gravity bottle, and the result noted. 
The best filter for the purpose appears to be one made of flannel, 
and used double. 

Specific Gravity of Tea Infusions 

Made by extracting 1 part of dry Tea with 10 parts of Water at 6o° F. 
(15*5° C.) raised to the boiling-point and quickly filtered. 
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Specific Gravity of Infusions, 

Made by extracting 1 part of dry exhausted Tea with 10 parts of Water 

at 6o° F. (15*5° C), raised to the boiling-point and quickly filtered. 
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Percentage of Extractive Matter in Tea dried at 212 F. (100 C). 
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Black. 
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It will be seen that the range of specific gravity is very 
considerable in these teas. For purposes of comparison it would, 
however, be proper to compare the different classes of tea with 
each other. In the case of Congou (China), the gravities fall 
between 1009/80 and 101 1 '70. In green tea and Pekoes they fall 
between 1 o 1 1 *oo and 1014*50. If, therefore, exhausted leaves were 
added to good tea, the specific gravity obtained from the mixture 
would not fall below that given by a genuine poor tea, unless 
such leaves bore a somewhat high proportion to the genuine tea. 

This remark also applies, as has been already pointed out, to 
the estimation of the total extractive matter in tea, which varies 
to an equal if not greater extent 
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Table of Total Amount op Ash 

In various kuwis of Teas dried at 212 F. (ioo° C), together with the Proportion 
of the Ash soluble in Water and insoluble. in Acids, &c. 



Description. 


Percentage of 


Percentage of Ash 


Alka- 
linity 

as 
KHO. 


Mois- 
ture. 


Ash. 


Solu- 
ble in 
Water. 


Solu- 
ble in 
Dilute 
Acids. 


Insolu- 
ble in 
Acids, 
Sand. 


Shanghai Congou, common 


9*07 


7 63 


3*23 


3*02 


I-38 


1*67 


»» >> »» 


9*22 


5'95 


3*55 


2*12 


•28 


I-8 5 


„ ,, fine 


8'5I 


7*41 


4*02 


2*54 


•85 


2'IO 


>» 91 >» 


8*56 


6-62 


372 


2*25 


•65 


179 


,, Moyune Young Hyson, com... 


7'49 


7*49 


3-83 


275 


•91 


2'03 


,, ,, ,, ,, nne... 


6'90 


7 '47 


3-82 


2*52 


113 


1*92 


,, „ Hyson, common ... 


7*29 


6-46 


3*i8 


2*43 


•85 


I 80 


»» >> >> >» 


7'2S 


6*55 


3*82 


2 '37 


•36 


203 


,, ,, ,, nne ... 


865 


6-85 


3'58 


2*29 


•98 


1-82 


Foochow Congou Siftings 


8'5I 


6*87 


3-60 


2'8l 


•46 


178 


,, ,, common ... 


9*35 


7*34 


3*37 


2 -97 


I 'CO 


1-85 


my 99 XII 1C • • • • • • 


9-09 


6-89 


4 a oi 


2*32 


•56 


2*11 


, , Scented Orange Pekoe, com . . . 


7 '55 


7-17 


3*56 


2-86 


75 


2'OI 


,, ,, ,, ,, nne... 


770 


672 


3*99 


2 '27 


•46 


I'90 


„ Souchong, common 


8-45 


6*43 


2*97 


276 


70 


I 80 


>> >» i» ••• 


9 '34 


6'i8 


377 


2*09 


•32 


I'90 


,, ,, finest 


9*36 


5-85 


3'6i 


1-95 


•29 


2*04 


,, Moning, common 


8-92 


6-88 


3'55 


2*57 


76 


172 


Canton Scented Caper, common ... 


6-87 


6*38 


3'2i 


2*49 


•68 


179 


,, ,, „ nne 


6-63 


6'6 3 


3*47 


2*23 


'93 


174 


., ,, Orange Pekoe, com... 


7*02 


6-63 


372 


2*33 


•58 


1-99 


,, ,, ,, ,, nne... 


773 


7-09 


4*10 


2*46 


*53 


2*28 


,, Gunpowder \ 


7*08 670 

1 


3*54 


2*54 


•62 


1 -56 


Indian, Kaugra Valley Young Hyson 


736 


6*12 


3*44 


2-25 


'43 


1 -84 


,, Pekoe Souchong 


8*28 


6-28 


3 '24 


2*42 


•62 


1*90 


Himalaya Orange Pekoe 


7'8 4 


7-62 


3*45 


2*83 


1*34 


1-94 


Chittagong „ „ 


8-92 


6*20 


4*23 


177 


•20 


2*21 


Assam ,, ,, 


9*4i 


5 '93 


378 


i*93 


•22 


1-94 


,, Pekoe Dust 


9*57 


677 


3*55 


2*69 


•53 


2*04 


,, ,, ... ... ... 


9*35 


6*14 


37o 


2-15 


•29 


199 


Darjeeling,, 


9*06 


5*73 


3'68 


r86 


•19 


199 


Chittagong Congou 


9-68 


566 


3*53 


1-87 


•26 


2*27 



TEA. 



29 



In the preceding results, which are selected from numerous 
analyses of average samples of genuine imported teas, the per- 
centage of ash in no case, except one on page 10, reaches S per 
cent., while the sand in only a few instances exceeds 1 per cent. 

The amount soluble in water in only one case falls below 
3 per cent ; in the majority of the teas the proportion lies 
between 3*20 and 3*60 per cent. As exhausted tea is deprived 
of a large part of the soluble salts, it follows that any serious 
admixture of such leaves would materially lower the percentage 
of soluble ash. 

The following table exhibits the percentage of ash, with the 
amount soluble in water, etc., found in tea-leaves which had been 
infused in the ordinary way for domestic use, and afterwards 
dried: 

Percentage of Ash 
In used Tea-leaves with the Amount soluble in Water, etc. 



Description. 


Per- 
centage 
of 
Ash. 


Percentage of Ash 


Alka- 
linity, 

as 
KHO. 


Soluble 

in 
Water. 


Soluble 

in 
Dilute 
Acids. 


Insolu- 
ble in 
Acids, 
Sand. 


Congou 
Moning 

Orange Pekoe 

Hyson 

Souchong 

"Mahloo Mixture," as imported ... 


3 '92 

4'53 
377 
5*56 

4*12 

9*97 


0'54 
0*85 

o-68 
076 
o*8i 

i'54 


2-97 

273 
2*52 

3'4<> 

2*6 1 

412 


0*41 
0-95 
0-57 
I '40 
070 

4*31 


©•13 
o'33 

0'22 
C25 
0-23 
0*20 



The table on the following page is founded on the analysis of 
unprepared tea-leaves received direct from India. 
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Assam Plant : 

Pekoe leaves 

,, Souchong 

„ coarse leaves, larger 
than used in manu- 
facture 

China Plant : 

Pekoe leaves 

,, Souchong 

,, coarse leaves, larger 
than used in manu- 
facture 
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Closely allied to the estimation of the extract of the tea is 
the determination of the amount of ash soluble in water. When 
tea is exhausted with water, it is found that the ash is much 
less rich in potash salts, which, from their greater solubility, 
are mostly removed by the extraction. The amount of soluble 
ash in genuine teas ranges from about 2 # 8 to 4*2 per cent. 
The presence, therefore, of a low percentage of soluble ash, com- 
bined with a low specific gravity, or amount of extract, indicates 
that exhausted leaves have been added, or that the tea is partly 
made up of very old leaves. 

50 or 100 grains of the tea are incinerated and reduced 
to an ash in a platinum capsule. The ash is treated with boiling 
water, filtered, and the insoluble part dried, ignited, and weighed. 
The alkalinity of the soluble part may then be taken with 
decinormal sulphuric acid solution, and expressed as potash 
(KHO). 

The amount of mineral matter insoluble in dilute acid (HC1) 
represents the sand, quartz, etc. The presence of iron and 
magnetic oxide is indicated by passing a magnet through the 
powdered sample. If either of these be present it will show itself 
by gathering round the poles of the magnet. The adhering 
particles may be analysed for the amount of iron. 

If the insoluble ash exceeds much more than 1 per cent., 
there is evidence of the addition of either sand, quartz, or other 
earthy impurities. 

The substances used for facing tea are best removed by 
shaking up with cold water a portion of the sample to which 
facing has been applied, and pouring off the liquid into another 
vessel before the detached particles have had time to subside. 
After the insoluble portion has settled it may be collected, dried, 
and weighed, and the result will afford a means of forming an 
estimate of the amount of facing present. Care, however, should 
be taken to make allowance for any sand unavoidably decanted 
with the colouring matter. 
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Before applying any chemical test it is well to examine 
the sediment under the microscope, when Prussian blue, indigo, 
starch, turmeric, or other added matter will be indicated by 
their several characteristics. 

The colour of the Prussian blue disappears under the in- 
fluence of a little solution of potash, and is restored again on the 
addition of a little acid. 

Indigo, in the presence of potash, remains permanent for 
some time in the cold, but its colour is discharged by solution of 
permanganate of potash. 

Turmeric is altered to a peculiar reddish brown by alkalis. 

Soapstone, which is a silicate of magnesia, requires to be 
decomposed by fusion with alkaline carbonate; the resulting 
product is examined for silica and magnesia in the usual way. 

China Clay. — If, after fusion, alumina were found, and no 
magnesia, the presence of China clay would thereby be indicated. 



MICROSCOPIC EXAMINATION. 

The admixture of foreign leaves with tea is most readily and 
.satisfactorily detected by the microscope. Although it may not 
toe possible to identify every leaf employed to adulterate tea, yet 
a person intimately acquainted with the structure and characteristics 
of the tea-leaf will find but little difficulty in distinguishing any 
foreign leaf which may be present in a sample. 

A portion of the tea to be examined should be soaked in 
hot water until the leaves become soft. The water should 
then be poured off, and the leaves and fragments of leaves 
removed to a porcelain slab or piece of glass, carefully opened 
out, and examined both by the naked eye and also with the aid of 
a pocket-lens. In this examination attention should be directed to 
the form of the leaves, the character of the serratures of their 
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margins, and the number, size, and direction of the veins, which 
often present peculiarities in the leaves of different plants. 

The tissues of the leaves are next examined by the microscope, 
particularly the skin of each surface, as to the form and size of 
the cells, the presence or absence of hairs, and, if present, their 
form and structure, also as to the number and form of the 
stomates on the upper and under surfaces. 

The presence or absence of sphaeraphides or other plant- 
crystals should also be noted. In some instances, after the leaf 
has been softened with boiling water, sufficient of the skin may be 
obtained for examination by tearing a portion away from an 
incision made in the leaf with a sharp knife. The best method, 
however, is to place the leaf in water containing a few drops of 
nitric acid, and gradually raise the temperature to the boiling- 
point. The skin then rises in blisters, and may be easily removed 
by means of a camel's-hair brush. 

It is impossible to describe the form and structure of every 
leaf which might be used as an adulterant of tea ; but it may be 
useful to give a few examples to indicate the way in which different 
leaves are recognised and distinguished from each other by an 
examination of their tissues. We have selected for this purpose 
three leaves — viz. those of the elder, the willow, and the sloe — 
all of which, as already stated, were at one time used in this 
country for the sophistication of tea. 



D 



Elder. — The elder-leaf is ovate in form and pointed at the 
apex, with one lobe somewhat larger than the other at the base. 




PIG. J.— ELDER. 



Its margin is regularly and sharply toothed, except at the base 

of the leaf (Fig. 5) — a, medium-sized leaf ; it, the same magnified. 

The cells of the skin are not so sinuous as those of tea, and are 
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distinctly striated. There are two kinds of very characteristic 
hairs found on the elder-leaf, one short and conical, and the other 
jointed and bulbous. These hairs are more numerous on the 
upper than on the under surface, and cannot in any case be 
mistaken for those of tea (Fig. 6). 




FIG, 6.— SKIN OF THE UPPER (A) AND UNDER (b) SURFACES OF ELDER-LEAF. 



Willow. — The leaves of the common white willow are ellipticaJ- 
lanceolate in form and acute at the apex (Fig. 7) — a, medium- 
sized leaf; it, the same magnified. The margin of the leaf is 





pig. 7.— WILLOW. 

serrated, the lower serratures being somewhat glandular. The 
cells of the epidermis are much smaller than in tea, and are 
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not sinuous. The hairs, which are so abundant on both sides 
of the leaf as to give it a silky appearance, are unicellular, 
coarse, and very tortuous. They cannot be mistaken for those of 
tea (Fig. 8). 




Sloe. — The leaf of the sloe somewhat resembles that of the tea 
in size and form. Its margin, however, is distinctly serrated, 




the senatures being very numerous, coarse, and irregular (Fig. 9) 
— a, medium-sized leaves ; b, leaf magnified. 

The cells of the epidermis are not sinuous like those of tea, and 
are much smaller, especially on the under surface of the leaf. The 



stomates are also smaller and less numerous {Fig. 10, b). The 
cells on the upper surface are striated (Fig. 10, a). 




0.— SKIN OF THE UPPER (a) AND UNDER (b) SURFACES 



Hairs are found in great abundance on the midrib, the veins, 
and the margin of the leaf. They are shorter and stouter than 
those of the tea-leaf, and are somewhat club-shaped at the base. 

The serrated edge of the leaf— the striated cells of the upper 
surface, and the short stout hairs are sufficiently characteristic to 
distinguish the sloe from the tea leaf. 
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Botanical Origin. — The coffee tree, Caffea arabica, belongs 
to the natural order Cinchonaca. It is an evergreen, with smooth, 
shining, oblong and leathery leaves. It was originally a native 
of Abyssinia and Arabia, but has been naturalised in most of the 
tropical countries colonised by Europeans. In its natural state it 
attains to a height ranging from 15 to 20 feet, but in cultivation 
it is pruned so as to remain about 6 feet high to facilitate the 
gathering of the berries. The coffee tree continues flowering for 
eight months in the year, and during the whole of that period 
fruit of very unequal ripeness is found upon its branches. Three 
gatherings of the berries are made in the course of the year. 

Description. — The ripe berry is about the size and shape of a 
small cherry, and of a dark scarlet colour. In each berry there 
are usually two beans placed face to face, and enclosed in a 
hard coriaceous membrane, surrounded, when fresh, by a fleshy 
shell or pericarp, which, when dry, becomes hard and brittle. 
The berries, after being dried by the rays of the sun, are passed 
between rollers to remove the dried pulpy matter and the 
coriaceous membrane. They are then sorted according to size 
preparatory to roasting. The tissues enclosing the bean are 
generally distinguished as the husk, the parchment, and the skin. 
The first two are very rarely if ever met with in commerce, but 
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the skin, which is more or less entangled in the folds of the 
longitudinal furrow on the flat side of the bean, is present in 
every sample of commercial coffee. 

History, — It is affirmed that the use of coffee has been com- 
mon in Abyssinia from time immemorial ; but the early days of 
coffee drinking are involved in considerable obscurity. The 
employment of coffee as a beverage was first commenced in 
England about the middle of the seventeenth century, when a 
coffee-shop was opened in the city of London, and similar 
establishments gradually sprang up, notwithstanding the heavy 
tax placed on coffee, and the disfavour with which they 
were for a long time looked upon by the constituted au- 
thorities. 

During the year 1699, the consumption of coffee in the United 
Kingdom amounted to 100 tons, of which 70 tons were consumed 
in England. In the year 1808, the consumption amounted to 477 
tons, and a reduction of duty in that year was followed by an imme- 
diate increase in consumption, from 1,069,696 lbs. to 9,251,837 lbs. 
In 1825 another reduction of the duty took place, after which 
the consumption still further increased, until, in 1847, the 
maximum of 37,441,373 lbs. was reached. Since that date the 
use of coffee has greatly declined, and in 1874 the con- 
sumption was 31,859,408 lbs., whilst in 1880 it amounted to 
32,480,000 lbs. The falling off which has taken place since 1847 
is supposed to be due partly to an extended use of tea, and partly 
to the introduction of coffee substitutes. 

The cultivation of the coffee plant began to extend towards 
the end of the seventeenth century, and soon afterwards its growth 
was successfully carried on in various countries possessing tropical 
climates, such as Java, Ceylon, Jamaica, and Brazil The cultivation 
of coffee in Brazil is now very considerable, but that produced in 
Java and Ceylon is of superior quality, though the Mocha coffee 
is the finest of all. The quantity of " Mocha " which finds its way 
into Europe from Arabia is said to be comparatively small, and 
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we are now indebted chiefly to India for our supply of this 
description of coffee. 

The effect of coffee on the human system is to counteract the 
tendency to sleep; and it is almost certain that it was this 
property which originally led to its use as a beverage. It also 
excites the nervous system, and when taken in excess produces 
contractions and tremors of the muscles, and a feeling of 
buoyancy and exhilaration somewhat similar to that produced by 
alcohol, but does not end with depression or collapse. 



CHEMICAL COMPOSITION. 

The principal organic substances composing the raw coffee 
beans are caffeine, fat, caffeic acid, gum, saccharine matter, 
legumin, and cellulose. These substances are also found in the 
roasted beans, though modified in some degree by the roasting 
process. By torrefaction the woody tissue of the fresh bean, 
which is hard and horny, undergoes a considerable change, and 
becomes friable, and the difficulty of pulverising and exhausting it 
by water is greatly diminished. 

Coffee has, like tea, been the subject of numerous investi- 
gations, but the following analysis by Payen is most frequently 
quoted : 



Cellular Tissue 


• • • 


• • ■ • ■ 


34*oo 


Hygroscopic Moisture 


• • • 


• • • • • 


I2'00 


Fat 


■ ■ • 


• • • • • 


13 'OO 


Starch, Sugar, Dextrin, and Vegetable 


Acids 


l5*SO 


Legumin 


• • • 


• • • • • « 


IO 'OO 


Chlorogenate of Potash and Caffeine 


• • • • • 


. 3*5 to 5'° 


Nitrogenous portion 


• • • 


• • • • • 


3-00 


Free Caffeine 


• • • 


• • * • 4 


o-8o 


Thick insoluble Ethereal Oil 


• • • 


• • • • • 4 


O'OOI 


Aromatic OH 


• • • 


• • • • • 


0*002 


Mineral Constituents 


• • • 


• • • • • 


6*697 
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We have obtained the following results from two samples of 
coffee, both in the raw and roasted condition : 





Mocha. 


East Indian. 




Raw. 


Roasted. 


Raw. 


Roasted. 


Caffeine 

Saccharine Matter 

Caffeic Acids 

Alcohol Extract, containing Nitro- 
genous and Colouring Matter ... 

Fat and Oil 

Legumin or Albumin 

Dextrin 

Cellulose and Insoluble Colouring 
jviatter ... ... ... ... 

AqVi 

**Oll ••■ ••• •■■ ••• ••• 

Moisture 


I 08 

9'55 
846 

6*90 
12*60 

9-87 

•87 

37*95 

3*74 
8*98 


•82 

*43 
4*74 

14*14 
13*59 
1123 

1*24 

48*62 
4*56 
063 


I'll 

8*90 
9*58 

4*31 
1181 

1123 
•84 

38-60 

3*98 
9-64 


1*05 

•41 

4*52 

12*67 
13*41 

13*13 

1*38 

47*42 
488 

1*13 


100 -00 


100 *oo 


100 *oo 


100 -oo I 



Caffeine^ C 8 H I0 N 4 O a . — This, from its dietetic properties, is 
one of the most valuable constituents of coffee, and is identical 
with the alkaloid found in tea, and described under the name of 
theine. Caffeine was discovered in coffee by Runge, in the 
year 1820; by Oudry, in tea in 1827 ; by Martin, in guarana, in 
1840; and by Stenhouse, in Paullinia, in 1843. Its chemical 
constitution was settled by Jobst and Mulder. 

Fat — The fatty portion of the coffee consists of a mixture of 
several fats, some of which have the consistence of an oil These 
become altered to some extent in the process of roasting, and a 
portion of the volatile fatty acid is set free, and changed in 
character by the heat. The quantity of fat in the raw coffee is 
also more or less affected by the roasting, but the extent to which 
this takes place depends upon the degree to which the torrefaction 
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is carried. We have found that in ordinary commercial samples 
of roasted coffee the loss of fat amounts to about i per cent, 
but the loss may be greater than this in cases in which the coffee 
is subjected to a more than ordinary degree of roasting. 

Caffeone. — This remarkable and characteristic body is a pro- 
duct of the roasting of coffee. It consists of an oil which gives 
the coffee aroma, and which is doubtless a mixture of the altered 
volatile oil and other products probably obtained from several 
of the constituents of the raw coffee by the action of heat. 
Caffeone, which is the aromatic principle of coffee, can be 
partially separated by distillation, when it is found as a brown oil 
heavier than water. 

Caffeic Acid. — This is also known by the names of caffeo- 
tannic acid and chlorogenic acid, and is present in coffee to the 
extent of from 3 to 5 per cent. It is obtained as a yellowish 
mass, and is more easily soluble in water than in alcohol. When 
heated it emits the peculiar odour of coffee, and from this it is 
thought that this acid plays an important part in developing the 
flavour found in the roasted beans. An infusion of raw coffee, 
when heated with alkalis, gradually acquires a bright green 
colour, which is supposed to be produced by the change of 
caffeic acid into viridic acid. Caffeic acid, distilled with peroxide 
of manganese and sulphuric acid, yields quinone. 

Sugar. — The raw coffee beans contain from 570 to 770 per 
cent of a fermentable sugar. When, however, the sugar ex- 
tracted from the beans is boiled for a few minutes with a little 
dilute sulphuric acid, the amount shown by an alkaline cupric 
solution is equivalent to from 8*9 to 9*55 per cent. 

The sugar in coffee, unlike cane-sugar in sweet roots, becomes 
almost wholly converted into caramel in the process of roasting ; 
but, so far as we are aware, no satisfactory explanation has been 
given of this peculiarity. 

It has been suggested that a portion of the sugar exists in the 
form of a conjugate combination, like the sugar in salicin and 
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tannin ; but we have failed to find any confirmation of this view 
from the results of our experiments. On the contrary, our results 
point to the presence of a sugar peculiar to coffee, and bearing, 
somewhat the same relation to cane sugar as melezitose, mycose, 
and similar compounds. When the saccharine extract of the beans 
is boiled with a little dilute sulphuric acid, a quantity of glucose is 
obtained nearly equivalent to the weight of dry extract operated 
upon — a result which is inconsistent with the existence of sugar 
as a glucoside. The sugar is also but slightly affected by boiling 
even for a considerable time with acetic acid. If it existed as 
cane-sugar it would, under such conditions, be converted into 
invert sugar. 

Gum. — This appears to be present in coffee in the form of 
dextrin, and can be recovered and identified in the water extract 
after the coffee has been thoroughly exhausted with ether and 
alcohol. The amount of gum is but little altered in the roasting. 
The quantity present is from '84 per cent, in the raw to 1*38 per 
cent in the roasted berries. 

Albumin. — The amount of soluble albumin or legumin is 
greater in coffee than in tea. The amount found is 2-53 per cent 
in the raw and 1*47 per cent in the roasted coffee. 

Cellulose. — The cellulose of coffee berries is of a very hard 
and horny character, and said by some not to be converted 
into sugar by boiling with sulphuric acid. We found, however, 
that by treating the cellulose with a sulphuric acid solution 
of the strength of 1 in 2, a quantity of sugar was obtained, 
as indicated by a standard copper solution, equivalent to nearly 
36 per cent, of the quantity of coffee analysed. 
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Ask. — The following table, which is taken from the Coffee 
Report by Messrs. Graham, Stenhouse, and Campbell, exhibits the 
composition of the ash of seven kinds of coffee : 
Analysis op the Ask of Coffee. 
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£2* 


Potash 


Ww 


537a 


54 'co 


S3 - *" 


5372 


Si'S* 


55 '80 


Soda 
















Lime 


410 


4-18 


411 


46. 


616 


^■87 


S-68 


Magnesia 


B-4a 


8-46 


820 


8-66 


8-37 


887 


849 


Sesquioxide of Iron 


o'4S 


0-q* 


073 


0-63 


o'44 


0"44 


o-6i 


Sulphuric Acid 


36= 


4-48 


3 '49 


rua 


310 


S-afl 


309 


Chlorine 




0-4S 


026 








o-6o 


Carbonic Acid 


'7'47 


16-93 


i8n 


1634 


'6-54 


16-98 


1492 


Phosphoric Acid ... 


re-tf 


11 -6o 


1 1 05 


io-8o 


11-13 


10-15 


IO-8S 


Silica, etc. 
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MICROSCOPIC STRUCTURE, 

The structure of the coffee berry is comparatively simple. 




Transverse and longitudinal sections of it are shown in Figs, n 
and 12. The husk is represented at a, the parchment at b, the 
skin at c, and the bean at d. 

The bean is the only portion that is imported into this 
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country, the three outer membranes being removed in the 
preparation of the coffee for market. A portion, however, of the 
membrane, called the skin, is always more or less entangled in 
the folds of the bean, and is present in variable proportions in 
all genuine coffee. We have, therefore, to deal only with the 
microscopic structure of the skin and bean. 

The skin is a thin delicate membrane, lined with peculiar 




(a) Skin of Bean 

(b) Section of Bean 

(c) Cells composing Skin of Bean 

spindle-shaped bodies, lying in rather a confused manner, and 
forming a. kind of plate, as shown at A in Fig. 13. These cells 
are very thick-sided, and have a central canal, their edges pre* 
senting the appearance of being marked by minute transverse 
bars. When more highly magnified, the bars are seen to 
resemble open ducts, as represented at c. 

The structure of the bean is represented at b. It is composed 
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entirely of a mass of quadrangular, hexangular, and irregular cells, 

with very thick walls or sides enclosing oil globules. These walls 

are somewhat sinuous, and are characterised by a quantity of 

irregular projections on their sides, which, when examined in the 

fresh state, present a' luminous appearance, but, when roasted, 

appear as opaque masses, imparting a rugged character to the cell 

walls. The projections are due in some cases to very minute 

starch granules, while in others they appear to belong to the 

solid sides of the cell walls. These are the only vegetable 

structures that occur in commercial coffee. The tissues are not 

altered by the roasting, and, excepting that they are partially 

charred, still preserve their characteristic structure. The few 

starch granules which are present in the fresh bean are, however, 

entirely destroyed. 

ANALYSIS. 

Fat — One hundred grains of dry and finely rasped or ground 
coffee are repeatedly exhausted with ether. The ether is evapo- 
rated in a weighed beaker, and the weight of the dry residue 
ascertained. The non-fatty substances, which may have been 
also removed by the ether, are dissolved out with boiling water* 
The aqueous portion is evaporated and weighed, and the amount 
deducted from the first weight The difference is the proportion 
of fat present in the coffee. 

Caffeine. — The caffeine is estimated in the same way as that 
described under " theine" on page 16. 

Caffeic or Caffeo-tannic Acid. — One hundred grains of coffee 
are exhausted with alcohol. The alcohol is evaporated, and to the 
aqueous residue subacetate of lead is added. The precipitate is 
thrown on a filter, washed and decomposed with sulphuretted hy- 
drogen. The filtrate from the plumbic sulphide is evaporated to dry- 
ness, when the caffeic acid is obtained as a yellowish brittle mass. 

A larger amount of astringent matter is obtained by extracting, 
with ether in presence of phosphoric acid, the non-fatty portion of 
the alcohol extract of the coffee. We have obtained by this 
means from 8*4 to 9*5 per cent in the raw coffee. 



COFFEE. St 

is but little in common with that of coffee, and chicory 
is used rather as an addition to, than as a substitute for 
coffee. Indeed, it may be said that sugar is almost the only 
constituent which chicory and the allied roots contain that 
causes them to have any property in common with coffee, for 
in nearly all other respects they are different The quantity 
of sugar contained in chicory and the like roots is con- 
siderable, and in the process of roasting a large proportion 
of it is converted into caramel, which imparts to their extract 
the bitter of burnt sugar with a somewhat similar aroma. It is 
admittedly the taste of this caramel bitter which recommends 
such an extensive use of chicory and other roots as an addition 
to coffee. 

As yet there has been no seed found which, when roasted 
and ground, corresponds with coffee either in its physiological 
properties or in the chemical composition of its extract, and the 
divergence between coffee and the seeds above enumerated is 
quite as great as between roots and coffee. 

In the detection of the adulteration of coffee, advantage is 
taken of a difference between both its physical and chemical 
properties and those of its adulterants. 

Thus the large quantity of caramel produced in chicory and 
some other roots in the process of roasting, furnishes the means 
of applying a simple and convenient preliminary test for detecting 
their presence in coffee. 

When a few grains of coffee containing chicory are placed on 
the surface of water in a test-tube or wine-glass, each particle of 
chicory becomes surrounded by a yellowish-brown-coloured cloud 
which rapidly diffuses itself in streaks through the water, till the 
whole acquires a brownish colour. 

Other sweet roots when present will produce under like con- 
ditions the same effect as chicory, but not so rapidly or per- 
ceptibly as the latter. Pure coffee under similar conditions gives 
no sensible colour to the water until after the lapse of about a 

£ 
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quarter of an hour. The relative colouring power of coffee, 
chicory, and a variety of other vegetable substances used in the 
adulteration of coffee was determined by Messrs. Graham, 
Stenhouse, and Campbell This was done by infusing equal quan- 
tities of each substance in water, as in the preparation of coffee 
for domestic use, filtering the infusions and observing the colour 
in glass tubes of about i inch in diameter. The solutions, which 
were prepared at 212 F. (ioo° C), were made very dilute, and, 
for comparison, a standard solution was prepared by dissolving 
1 part of caramel, carefully made from cane-sugar, in 2,000 parts 
of water. To produce a depth of colour equal to that of the 
standard solution, a larger proportion of the adulterating substance 
is required, than the 1 in 2,000 of the standard. 

The following table exhibits the actual weights required of each 
substance when roasted and prepared in imitation of coffee, to be dis- 
solved in 2,000 parts of water, to produce an equal depth of colour : 

Caramel ... ... ... ... ... ... i*oo 

Mangold Wurzel 1*66 

Bouka (a coffee substitute) 1*66 

Sparke's Vinegar Colouring 1*74 

Black Malt 1*82 

White Turnips 2*00 

v^arx 01s ... ... . . . ... ... ••• ~ \aj 

Chicory (darkest Yorkshire) 2*22 

Parsnips 2*50 

Maize 2*86 

xv y c ... ... ... ... ... ... • w 

Dandelion Root 3'33 

*»vU -D€cl ... . . . ,,. . . . ... ... ^ a 

Bread Raspings 3*64 

■Acorns ... ... ... ... ... ... 3 ^^ 

Over-roasted Coffee 5*46 

Highly-roasted Coffee 577 

Medium-roasted Coffee 6*95 

Another sample of Coffee ;. 6*66 

"White Lupin Seed io*oo 

* CflO • • • *»• «•• • • • ••• ••■ ^ O^ 

.D63J1S ••• ••• • • • ••• • • • ••• I j $0 

Spent Tan 33*00 

Brown Malt 40*00 
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Sugar. — The estimation of the sugar in coffee is sometimes 
made by the copper test described on pages 56 and 106, but the 
quantity is more frequently determined by what is termed the 
fermentation test. In applying the latter method it is usual to take 
from 1,000 to 2,000 grains of the sample, exhausting at least four 
times with hot water, and adding the extracts together. To the 
solution 250 grains of pressed yeast are then added, and the 
whole set to ferment for 48 hours, at a temperature of from 
70 to 8o° F. 250 grains of the yeast are next added to a quantity 
of distilled water equal in bulk to the coffee extract, and fer- 
mented under like conditions. The solutions are then distilled, 
and the specific gravity and bulk of the distillates taken. The 
amount of alcohol in the yeast solution is deducted from the 
amount found in the coffee extract, and the sugar calculated from 
the remainder, as described on page 108, under the head of 
"Sugar." 

Albumin* — The albumin is determined by making a nitrogen 
combustion of the dry residue of the coffee berries after they 
have been exhausted with ether, alcohol, and water. The soluble 
albumin is found with the dextrin and gummy precipitate given 
by alcohol in the water extract, and is estimated by finding the 
amount of nitrogen, and multiplying the product by 6*3. 

Gum or Dextrin. — The ground coffee is exhausted with ether, 
then with alcohol, and the residuet reated several times with boil- 
ing water. The aqueous extract is boiled for some time to precipitate 
albumin, filtered, and to the filtrate is added 200 grains of con- 
centrated hydrochloric acid. The solution is now treated with 
alcohol to precipitate the gum. The precipitate is thrown on a 
tared filter washed with alcohol, and then dried and weighed. 

Cellulose. — This is estimated indirectly, as in the case of the 
cellulose of tea. The coffee is treated successively with ether, 
alcohol, and water, and the residue is afterwards dried and 
weighed. From the dry residue thus obtained is deducted the 
amount of albumin and ash found therein, and the remainder 
represents the percentage of cellulose in the coffee. 

E 
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ADULTERATION. 

In dealing with the adulteration of coffee, an important con- 
sideration meets us which does not apply in the case of tea. 
For many years the public have shown a preference for a certain 
substitute for, or rather addition to, coffee which is known under 
the name of "chicory." This may legally consist of the roasted 
chicory root itself or of an allied root, or other vegetable substance 
applicable to the uses of chicory. 

The sale, therefore, of a mixture of chicory and coffee in a case 
where the fact of such mixture is stated cannot be regarded as an 
adulteration. It is only in cases in which mixtures are sold as 
coffee that it becomes necessary to consider chicory as properly 
among the adulterants of coffee. 

The substances which have been generally employed for 
mixing with or adulterating coffee are : 

i st. Roots — such as chicory, dandelion, mangold wurzel, 
turnips, parsnips, and carrots. 

2nd. Seeds — such as beans, peas, date-stones, acorns, malt, 
rye, etc. 

3rd. Burnt sugar, biscuits, locust beans, and figs. 

Burnt sugar or caramel is sometimes added to coffee to give 
colour to the extract ; but it is now frequently used, it is said, to 
improve and conserve the aroma of the roasted berry. When 
employed for this latter purpose a small quantity of raw sugar, not 
exceeding 3 lbs. per hundredweight, is allowed to be mixed and 
roasted with the raw coffee berries. 

The addition of oxide of iron, or some ferruginous earth, to 
give colour or weight, has been detected ; but at the present time 
this form of adulteration, if practised at all, is very rare. 

The vegetable substance is in all cases roasted and ground to 
the consistence of coffee ; and, in some instances, the article is 
first used to add to, or adulterate chicory, and in such form mixed 
with the coffee. 

In the chemical composition of the extract of chicory there 
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The amount of sugar in coffee, and in a great variety of 
vegetable substances, has been determined, both before and after 
roasting, by the process of fermentation and distillation. 

The results obtained by Messrs. Graham, Stenhouse, and 
Campbell are given in the following tables : 

Sugar in Coffee before and after Torrefaction. 



Varieties of Coffee. 


Sugar per Cent. 








Raw. 


Roasted. 


I. Plantation Ceylon 


752 


I 14 


2« yt »» 


> • • 


■ • • • • 


» • • • 


7*48 


063 


3» »» >» 


» • • 


» • • • • 


» • • • 


77o 


O'O 


4* a j» 


» • • 


» • • • •■ 


» • • * 


7-10 


O'O 


5. Native Ceylon ... 


• • • 


> • • -• • 


■ • • * 


57o 


0-46 


6. Java 


■ • • 


• • « • • 


» • * • 


673 


0-48 


7. Costa Rica 


* • 


» • • • • 


• • * • 


6-72 


0-49 


0. j ( ,, 


» • * 


• • » • 


1 • • • 


6*87 


0*40 


9. Jamaica 


• * * 


• • • • 


• • • 


778 


O'O 


10. Mocha 


• • • 


• • • • ■ 




7*40 


0-50 


* »• ,y .1. ... . 


• • 


• • • • « 


• • • 


6*40 


O'O 


12. Neilgherry 


• • « 


• • • • 4 


• • • 


6*20 


O'O 



Sugar in Chicory and other Sweet Roots before and 

after Torrefaction. 









Sugar per Cent. 






Raw. 


Roasted. 


Foreign Chicory 

Guernsey ,, 
English ,» 
English ,, (Yorkshire) 

Mangold Wurzel 

Carrots (ordinary) 

Turnips „ 

Beet Root (red) 

Dandelion Root 

Parsnips 




• • • • 

• • « • 

> • • • • 
■ • • * • 
» • • • • 
» • • • • 
» • • • * 

• • • • 

> * » • • 

> • • • • 


2376 
30*49 

35'*3 

32X)6 
23-68 
31-98 
30-48 
24*06 
21-96 
2170 


II-G8 
15-96 

1798 
9-86 

9*96 

"'53 
965 

17-24 

9-08 

6-98 
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The fermentation test has the advantage of being easily 
applied, and the results might, in combination with the micro 
scope, prove useful in some cases. In applying the test, the 
process described on page 49, under the head of " Analysis," is 
followed. 

The determination of the sugar by the copper test is more 
tedious than by the fermentation test ; but at the same time it is 
not open to some of the objections which may be urged against 
the other. In estimating the sugar by this method, 200 grains of 
the coffee are exhausted with hot water : to the extract is added 
basic acetate of lead, so long as a precipitate appears. The 
extract is then filtered and the precipitate washed with hot water. 
The filtrate is next treated with sulphuretted hydrogen, and again 
filtered and the lead precipitate washed. The solution is now 
boiled to expel sulphuretted hydrogen, and tested for glucose with 
a standard solution of copper, as described on page 106. 

There are some cases in which the character of the ash affords 
evidence of adulteration. The ash of coffee is distinguished by 
the absence of soda, and also by the extremely small proportion 
of silica it contains, the amount of which varies from 0*17 to 0*45 
per cent. On the other hand, the amount of silica or sand in the 
ash of chicory and dandelion varies from 10*69 *° 35*85 per 
cent; barley, from 17*3 to 327; oats, from 37*82 to 50*28; 
and rye, from 0*69 to 14*6. Thus it is sometimes practicable 
to obtain valuable information without making a formal analysis 
of the ash, by simply digesting it in hydrochloric acid, and 
observing the character and quantity of what remains insoluble. 
The presence of 1 per cent, or upwards of silica in the ash of a 
sample is sufficient to raise a suspicion of adulteration. It is 
not often that an analysis of the ash of a suspected sample 
is resorted to in practice; it is a tedious operation, and 
would only be performed with the view of confirming the results 
obtained by some of the other methods of examination to which 
reference has been made. 
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It will thus be seen that 2*00 parts of carrot, or 2*22 of chicory, 
have the same colouring power as 6*95 parts of medium-roasted, 
or 577 of highly-roasted coffee, or of 3*64 parts of bread raspings, 
°? *3'33 parts of roasted beans. 

Another respect in which infusions of coffee, chicory, and 
some other substances differ from one another is that of their 
specific gravities. When, in a sample of coffee, the adulterant has 
been identified by a microscopical examination, the difference in 
the densities of the infusions becomes immediately available for 
estimating the proportion present. In preparing the infusion, 100 
grains of the ground substance are placed in 1,000 grains by 
measure of distilled water. The temperature of the mixture is 
then raised to the boiling-point, where it is maintained for 
half a minute. The resulting infusion is next filtered, and the 
specific gravity of the filtrate taken at a temperature of 6o° F. 
(15*5° C). This will be found to vary according to the substance 
employed, in the manner shown in the subjoined table : 

Specific Gravities of Solutions at 6o° F. 
One part of Substance to 10 parts of Water. 



spent lan 


* • • 


■ • • • • • 


• * • 


1002 *i 


Date Stones . . . 


• • • 


• • • • • « 


• • • 


1002*9 


Lupin Seed 


* • • 


» • • • • 


• • • 


10057 


Acorns 


• • • 


» • • • • • 


• • • 


1007-3 


Peas 


• • • 


■ • • ■ • • 


• » • 


1007-3 


Mocha Coffee 


• • • 


• • • • • • 


• • • 


1008-0 


AJwcillo • • • • • • 


• • • 


• * • • • • 


• • • 


1008 '4 


Neilgherry Coffee 


• * • 


» • • • • % 


• • • 


1008 -4 


Plantation Ceylon 


Coffee . 


• • • • • 


• • • 


1008-7 


Java Coffee ... 


• • • 


• • • • • • 


• • • 


10087 


Jamaica Coffee 


• • * 


■ • • • • ■ 


• • • 


10087 


Costa Rica Coffee 


• • • 


1 • • • • • 


• • • 


1008 '9 


Native Ceylon Coffee 


• • • • « • 


• • • 


1009*0 


Costa Rica Coffee 


• • * 


• • • • • • 


■ • • 


1009-5 


Parsnips 


• • • 


■ • • • ■ • 


• •• 


1014-3 


Carrots 


• • • 


» • ■ • • • 


• • • 


1017*1 


Black Malt ... 


• • • 


• • • • • • 


• • • 


1021*2 


Turnips 


• • • 


* • • • • • 


• • • 


1021 '4 


Rye Malt 


• • • 


• • • • • ■ 


• • • 


1021*6 


English Chicory 


• • • 


• • • • • • 


• • • 


10217 
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Specific Gravities of Solutions at 6o° F.— Continued. 



Dandelion Root 
Red Beet 
Foreign Chicory 
Guernsey Chicory 
Mangold Wurzel 
Roasted Figs 
Maize ... 
Bread Raspings 
British Gum ... 
Gum Arabic . . . 



1021*9 
1022*1 
1022*6 
1023*2 

1023*5 
1024*9 

1025-3 

1026*3 
1037 9 

1038*6 



It will be seen from this table that the low specific 
gravity of the coffee infusion distinguishes it from the roots 
and cereals. If an infusion of a sample of coffee containing 
20 per cent of rye malt were prepared in the manner described, 
its specific gravity would rise above 1009*5 — the number cor- 
responding to the infusion of coffee of the highest density 
— and would approach 1021*6 — the number corresponding to 
rye malt — almost exactly in the proportion in which the latter 
was present. 

This may be illustrated (with coffee and chicory) as follows : 

Density of Coffee Infusion 1009 * 50 

Chicory 1 021 70 

Density of an Infusion of a Mixture consisting 

of 60 parts of Coffee and 40 of Chicory ... 1 014 '38 

< 1009 -50 ... 4*88 

1021*70 ... 7*32 

12*20 



12*20 : 7*32 : : 100 : 60 per cent. Coffee. 
12*20 : 4*88 : : 100 : 40 „ Chicory. 

There is a considerable difference between the quantity of 
sugar present in roasted coffee and in many of the vegetable 
substances used for its adulteration, particularly chicory and the 
other sweet roots, and it is sometimes practicable to make this 
the means of affording confirmatory proof of adulteration. 
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percentage of such sugar by the copper test would be confirmatory 
of the presence of caramel. 



MICROSCOPIC EXAMINATION. 

In the detection of the adulterants of coffee, the aid of the 
microscope is always resorted to. It becomes, therefore, a matter 
of great importance to gain some clear knowledge of the structure 
of the tissues of roasted coffee, and also of the various substances 
which are likely to be employed in its sophistication. 

In coming to a decision as to the kind of adulterant which 
may be present in coffee, or any other article in which the micro- 
scope is relied upon for detecting the presence of a foreign sub- 
stance, it is not enough, usually, to trust to any mere drawing 
or representation of the adulterant indicated. It is always 
advisable to examine under like conditions a portion of the 
particular seed or root which it is supposed has been added, 
and when the percentage is required, to make up mixtures 
representing different degrees of adulteration, and to judge, from 
the number of foreign particles on the slide, the extent to which 
they have been added to the pure coffee or other article. 

In some instances where a foreign substance is shown to be 
present by the microscope, and it is possible to identify it, the 
knowledge thus obtained becomes of the utmost value in indicating 
the particular chemical and other tests which should be applied 
in order to determine the proportion in which the adulterant is 
present. 

I. — Roots. 

All the roots that can be employed with advantage for mixing 
with coffee are very similar in structure. They mainly consist of a 
mass of cells, among which occur bundles of jointed tubes, the sides 
of which present the appearance of being marked with bars or pits. 
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When moistened with water the particles become soft, while those 
of coffee remain hard and difficult to bruise. 

Chicory. — The tissues composing chicory-root are shown in 
Fig. 14. a represents the pitted tubes, which are present in con- 
siderable quantity and are highly characteristic. They resemble 




(a) Filled tabes 

(li) Latidferous 

(C) Cellular tissue 

(D) Skin 

long jointed cylinders, and are distinctly marked with bars or pits. 
The joints frequently overlap each other, and give to the cylinders 
an uneven appearance, b represents what are called latidferous 
or milk vessels. They are narrow, transparent, branching tubes, 
rilled with latex. In the roasting of the root the'latex is dried 
up, and the interior of the tubes presents the appearance of 
being filled with granular matter, as shown in the drawing. 
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The following table, which is taken from the Coffee Report 
by Messrs. Graham, Stenhouse, and Campbell, exhibits a complete 
analysis of the ash of four kinds of chicory, also of lupins, acorns, 
maize, parsnips, and dandelion root. 



Analyses of Chicory and certain Seeds and Roots.* 





Chicory, deducting Sand 
and Silica. 


Deducting Silica, etc. 


Not deducting Silica, etc 


1. 
















i 










8 




CO 

00 Darkest Eng 
in Yorkshire 

CO 


w 

2785 


& 



4607 


V 

9 
O 

4627 


I 

a. 

a 

•J 

1 
33*83 


• 

a 

u 




< 
55 '49 


1 

31*28 


i 

5686 


"n 

O 

•3 ! 
9 

Q 
1 
20*22 


J 

a. 

a 

.J 

33*54 


i 


< 


2 


1 


§ 

•3 

•0 

* 


Potash ... 


54*93 


3074 


56*54 


17-95 


Soda 


9*34 


16*90 


3 '17 


5*49 


I79O 


063 


— 





34*87; 


1775 


063 


— 


— 


3<>*95 


Lime 


1079 


1081 


778 


7'65 


7*81 


6*98 


3" 


6 88 


12*87 


775 


6*oi 


306 


685 


"*43 


Magnesia... 


606 


808 


5*33 


5 "55 


623 


4*36 


1498 


652 


I*47J 


618 


4*32 


1472 


649 


1 '3* 


Sesquioxide 






























of Iron ... 


4*38 


3'5o 


829 


5'o8 


— 


o*54 


0*85 


o"53 


1*42 


— 


o*54 


0*84 


o*53 


1*27 


Sulphuric 






























Acid 


11-38 


1 1 78 


8-38 


867 


685 


4-83 


4*20 


4*09 


2*66 

1 


6*8o 


479 


413 


407 


2*37 


Chlorine ... 


5'67 


5*23 


503 


6-58 


2*12 


2*53 


050 


2*IO 


4*32; 


211 


251 


0*50 


2/09 


3*84 


Carbonic 






























Acid 


2*04 


322 


4*36 


4*60 


0*56 


1382 


— 


II*50 


6*99! 


056 


1369 




11*44 


6*21 


Phosphoric 


















1 
1 












Acid 
Silica, etc... 


12*27 


12 '61 


II'OO 


9*59 


2574 


11*26 


45*29 


13*91 


12*63 


25*53 
0*87 


iri5 

I'OI 


4450 
178 


1384 
o*57 


11*21 
II '26 


381 


2 '61 


1275 


10*52 


Sand 


9*32 


8*o8 


23*10 


20*19 


■■ ' 


— 


■ ■ 


1 


~ 




*^"" 


™^ _ 


— — 






The relative solubility in ether of coffee and a variety of 
vegetable substances used to adulterate it, may, in some cases, 
be found useful as a confirmatory test for indicating the character 
and the proportion in which the adulterating substance is present 
Coffee yields much more soluble matter to ether than do sweet 
roots, cereals, and leguminous seeds generally. Thus roasted 
coffee, when agitated four times successively in ten times its weight 



* These Analyses, and also those on p. 46, were made by the Author for 
the Coffee Report 
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of ether, gives from 1479 t0 1 5' 1 ° per cent of oil and resin, 
including a small proportion of caffeine. Roasted chicory, when 
similarly treated, gives 772 per cent, of extract. Roasted maize 
gives 4*30 per cent., and roasted beans 1*57 per cent. The 
deficiency of fat in the sweet roots and other vegetable substances 
is frequently made up in the roasting by the addition of American 
or Australian tallow to prevent burning, and in applying the ether 
test it is therefore necessary to guard against being misled by the 
presence of a small proportion of foreign fat. 

Venetian Red or Oxide of Iron. — It is very rare, as already 
stated, that any mineral matter such as oxide of iron is now 
employed to give colour or weight to coffee. The oxide is usually 
in such a fine state of division that it cannot be seen by the 
naked eye, or be detected and identified by the microscope. 
When the presence of such a compound is suspected it is neces- 
sary to burn a given weight of the coffee and observe whether 
the ash is of a deep red or yellowish-brown colour, and if so 
it is probable that oxide of iron has been added, and it will 
be necessary to determine the amount of iron in the ash and 
compare the result with the quantity found in genuine coffee, or the 
proportion that may be present in mixtures of chicory and coffee. 

Burnt Sugar. — When a sample of coffee which is free from 
roots and other foreign vegetable substances, imparts to water a 
deep and rapid colouration, there is reason to suspect that burnt 
sugar has been added. The black shining particles of the caramel 
can usually be distinguished by the naked eye from the dull light 
brown fragments of coffee, and be removed for examination. 
The solution of the separate particles in water, and the high 
colour they impart to it, are indicative of burnt sugar. 

When all other forms of adulteration have been disproved, it 
will be necessary to resort to the estimation of the glucose in the 
coffee, and to the specific gravity test for the proportion of burnt 
sugar present As burnt sugar nearly always contains a consider- 
able proportion of glucose, the detection of any appreciable 
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corresponding structures in mangold wurzel, except that the cells 
are more irregular in size, and have no tendency to separate, 
but hold together with considerable tenacity. The woody tissue, 
which is present in abundance, breaks up on boiling into bundles 
of short flakes having a striated appearance. 

The absence of starch and the presence of the woody tissue 
make the identification of turnip comparatively easy. 

Carrots. — The cells of the cellular tissue of this root are 
small, transparent, and thin-sided, and those of the skin or bark 
are angular in shape and very regular. The pitted tubes occur 
amongst the cells, and, excepting that they are somewhat smaller, 
resemble those of turnip and chicory. 

Carrots contain starch, the granules of which are very small 
and round, and in some cases muller-shaped, with distinct central 
hilums. 

Parsnips. — The tissues of parsnips so closely resemble in 
form and size those of carrots, as to render it almost impossible 
by these characters alone to distinguish between them when 
roasted and ground. The cells of parsnips, however, contain a 
much greater proportion of minute starch-grains than those of the 
carrot, and there is a greater irregularity in the size of the 
granules. 

Carrots and parsnips differ from chicory in not containing 
laticiferous tissue, and also from chicory and the other root 
adulterants in containing starch. 

II. — Seeds. 

Seeds are usually best detected by the microscope, and, as 
neither they nor their seed-coats contain pitted tissue, there is 
little difficulty in distinguishing them, even when roasted and 
ground, from roots. 

When a seed is roasted and ground with its seed-coat, there 
is usually to be found in the structure of the latter some 
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characteristic tissue by which the seed can be identified; but 
where it happens that the seed is skinned before being roasted, it 
becomes necessary to seek for evidence of its identity, either in 
the condition of the cells or in the character of the starch, if any 
be present. It is not, however, always practicable to distinguish 
very clearly the particular kind of starch present, owing to the 
broken condition of the granules produced by torrefaction. 




FIG. 17. — BEAN. 

Tissues of Bean, magnified 50 diameters. 

When a few grains of a sample containing a leguminous or 
other starchy seed are placed under the microscope, and a little 
iodine solution added, the particles of roasted starchy matter will 
appear of a more or less distinct purple colour. 

Beans. — The garden bean consists principally of very tough 
thick-walled cells, seen in mass at e, Fig. 17, filled with large starch- 
granules. These cells are generally oblong, and when crushed 
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c represents the cellular tissue, which consists of round or oval, 
smooth, and thin-sided cells. Those composing the bark or skin 
are somewhat angular, as seen at d. 

Chicory is free from starch. 

The size of the dotted tubes, the peculiar appearance of the 




FIG. 15.— MANGOLD WURZEL. 

(a) Pitted tubes magnified 65 diameters. 

(b) Cellular tissues „ 150 „ 

(c) Skin „ 50 

joints, and the presence of the Iaticiferous vessels, afford a ready 
means of distinguishing chicory from the other root adulterants. 
Dandelion root has a structure somewhat similar to that of chicory, 
but the pitted tubes of the former are narrower and more regular, 
and the Iaticiferous vessels more abundant and better defined 
than the corresponding tissues of the latter. 

Mangold Wurzel. — The microscopic appearance of the tissues 
composing mangold wurzel is shown in Fig. 15- The pitted 
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tubes represented at a are very abundant and large. Many of 
them have blunt oblique ends, and on trituration they break up 
into shorter tubes which terminate obtusely. The cells of the 
tissue shown at b are larger than those of chicory ; they are very 
transparent and thin-sided, possessing little cohesion, the slightest 
trituration causing them to separate. The cells composing the 
outer skin are angular. 




fig. 16,— TURNIP. 
Tissues of Turnip, magnified 150 diameters. 

The absence of laticiferous tissue and the size of the cells 
serve to distinguish mangold wurzel from chicory. Like the 
latter, however, mangold wurzel is free from starch. 

Turnips. — The turnip when roasted and ground presents the 
appearance shown in Fig. 16. It is composed of cellular, pitted, 
and woody tissues. The first two of these are very similar to the 
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they separate freely from each other, presenting the appearance 
of tough bags. The starch-granules are also oblong, and have 
a slit on one side resembling somewhat a grain of barley in 
miniature. The husk or skin of the bean is a dense thick integu- 
ment, composed of transparent narrow cells, placed parallel with 
each other and perpendicularly to the seed. They are repre- 
sented at a in Fig. 17. The tenacity existing amongst these 
cells is not easily overcome, but after long boiling with a few 
drops of caustic potash, the cells may be separated by a little 
pressure, and they then present the appearance of narrow 
transparent wedges with light brown centres, as seen at b. 
In addition to these, there occur other cells having somewhat 
the shape of dumb-bells; they are represented at c, and are 
highly characteristic. The inner skin of the husk consists of 
loose oval cells, as at d, each enclosing what seems to be 
a second cell, the interior of which is filled with dark granular 
matter. 

Peas. — The structure of the pea is so nearly akin to that 
of the bean as to render it difficult to distinguish between 
them by means of the microscope. The skin is a tough thin 
integument, consisting of minute flat hexagonal cells resembling 
honeycomb, and resting upon a delicate colourless membrane 
composed of fine thin-sided cells somewhat larger than the 
hexagonal cells. 

Drawings of the starches of beans and peas will be found 
in Part II. The wedge-like and dumb-bell-shaped cells, together 
with the starch-granules, furnish characteristics by which the 
presence of beans or peas in any sample of coffee thus adulterated 
can be with certainty identified. 

Wheats Barley, Eye, and Maize. — The microscopic structure 
of these and other cereals which are sometimes used as adulterants 
will be found and described in Part II. 

Locust or Carob Beans. — The pod of the locust bean is com- 

F 
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posed of several very characteristic structures ; these are shown in 
Fig. iS. a represents the epidermis, and b the coloured cells 
lying underneath, which are easily separated by slight friction, 
c and £, the third and fifth layers of the pod, consist of woody 
fibre, amongst which are scattered sclerogen cells. Rows of 
small round cells are also abundant, lying in a regular manner 




FIG. l8.— LOCUST BEAN. 
Tissues of Pod, magnified 150 diameters. 



along the sides of many of the woody cells. At d is represented 
the most characteristic structure of the pod. It consists of large, 
somewhat oval, cells, having so little cohesion that slight tritu- 
ration suffices to separate them. These cells have a light brown 
colour, and are generally striated. 
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The structure of the seed of the locust bean is delineated in 
Fig. 19. At a, B, and C, the husk or skin is represented, and at d 
and E the substance of the seed consisting of thick-walled cells 
filled with oil-globules and minute starch-granules. These struc- 
tures are very similar to those usually found in leguminous seeds. 




FIG. \%— LOCUST BKAN. 

Tissues of Seed, magnified 150 diameters. 



The presence of the wedge-shaped cells, and of starch-granules 
in the seed, and the very marked structures in the pod, especially 
the large coloured cells, render the detection and identification 
of this adulterant comparatively simple. 

Acorns. — The seed of the acorn is composed of thin-sided 



68 COFFEE. 

oval, or oblong cells (seen at a, Fig. 20), with marks or dots on 
their sides, caused by the minute starch-granules with which 
the cells are filled. At B these starch-bags are represented 
more highly magnified, and at c the starch-granules are seen 
bursting through the cells. 

The skin of the acorn is a cellular membrane, containing bundles 
of spiral vessels, as seen at d, e, and f, the cells being very irregular 
*n form. 




Tissues of the Husk and Seed, A, d to K magnified 50 diameters, I 
magnified 15a diameters. 

The shell of the acorn, which is but seldom ground up with 
the seed, consists of two parts, an inner and an outer. The 
former of these is soft and easily broken up, and the latter hard 
and horny, so much so, in fact, as to resist all ordinary attempts 
to disintegrate it. The cells of the inner surface, shown at G, are 
oblong, and generally run in lines or rows. Those of the outer 
surface, seen at h, are minute and extremely dense, and are 
covered by a transparent epidermis, k and l, which is composed 
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of small, angular, regularly-formed cells arranged in tolerably 
regular lines. 

The size and form of the cells, the appearance of the starch 
bags, and the large amount of starch present, render the presence 
of the acorn easy of detection. 

Roasted Figs. — These have lately been imported into this country 
and sold as a substitute for coffee under the name of " Mochara." 

The structure of the fig is rather complex, consisting of 
cellular, spiral, woody, and laticiferous tissues. In the unroasted 




FIG. 21. — ROASTED FIG. 

Magnified 150 diameters. 

fig these can be readily identified, especially the laticiferous tissue, 
which is larger and more distinctly branched than that found in 
any of the roots. When roasted, however, the tissues are more 
or less altered in character; the spiral and laticiferous tissues 
being broken up and their internal markings partly obliterated, 
whilst the woody tissue is rendered more distinct There are also 
present in the fig, sphaeraphides and unicellular pointed hairs. 
The various structures are shown in Fig. 21, where a re- 
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presents the laticiferous tissue altered by the roasting, and b the 
woody tissue. The pointed hairs are seen at c, and the 
sphaeraphides at d, whilst e represents portions of fig seeds. 
The laticiferous and woody tissues, the presence of pointed 
hairs, and abundance of sphxraphides, form the chief distinctive 
microscopic characters of figs. 

Date Stones. — These have been roasted, ground, and mixed with 
coffee, and the mixture sold under the name of "Melilotine 




FIG. 22,— DATE STOKE. 

Magnified 150 diameters. 
Coffee." The seed of the date is almost entirely composed of 
a hard horny substance, the thick-walled cells of which are filled 
with albuminous and fatty matter. 

The microscopic structure of the date stone is very simple. It 
consists chiefly of sclerogen cells, as shown in Fig. 22. These 
cells are very characteristic, and can be readily detected and 
identified in any sample of coffee to which a preparation of date 
stones has been added 
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Dates. — Recently these have been prepared and mixed with 
coffee, or with coffee and chicory, and sold to the public under 
the name of " Date Coffee." 

The pericarp, or portion external to the stone, is composed of 
cellular and spiral tissues. The cellular tissue partly consists of 
small well-defined sclerogen cells, which are characteristic, and 
can be readily recognised. Date Coffee also contains the tissues 
of the stone shown in Fig. 22. 
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Botanical Origin, — The coeoa of commerce is prepared from 
the seeds of the plant Theobroma Cacao, which belongs to the 
natural order Byttneriacece. The term Theobroma implies " food 
for the gods," and the name was given to the plant by Linnaeus, 
who is said to have had a great liking for the beverage prepared 
from cocoa. The Mexicans called it " cacaoa quahuitl," naming 
the preparation from its seeds " chocolatl," and there is no doubt 
we derive the words cacao and chocolate from these native names. 
The term cacao has been changed into the familiarly known word 
cocoa. 

The genus Theobroma contains a number of species, all of 
which are natives of the tropical parts of America, and the seeds 
of several of them are found in the cocoa of commerce. The 
most important, however, is Theobroma Cacao, which yields the 
best and finest seeds, and which is extensively grown in the West 
India Islands, Brazil, and Guiana; its cultivation has also been 
introduced into some parts of Asia and Africa. 

The ordinary height of the tree ranges from 12 to 20 feet, but 
is sometimes much higher. The tree bears leaves, flowers, and 
fruit all the year round; but although mature and unripe fruit 
may be seen growing at one and the same time, the chief seasons 
for gathering the fruit are June and December. The plant, when 
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three years old, begins to bear fruit, but it does not reach its full 
productiveness till the seventh or eighth year. The leaves, which 
grow principally at the top of the tree, vary from 7 to 10 inches 
in length, and from 2 J to 3 \ inches in breadth. 

Description. — The seeds of the cocoa tree are contained in a 
pod or fruit, which in shape is intermediate between that of a 
melon and a cucumber, and measures from 5 to 12 inches in length, 
and about 3 inches in diameter. The rind of the fruit is smooth, 
fleshy, and about half an inch in thickness, with a yellow and red 
tinge on the side next the sun. The seeds are arranged in five 
rows divided from each other by partitions, and embedded in a pap- 
like pulp or spongy substance, which separates from the rind when 
the fruit is ripe, and has a sweet with a slightly acid taste. The 
number of seeds contained in the fruit is variable, and sometimes 
amounts (particularly in that grown in Central America), to upwards 
of forty. The fruit grown in the West Indies and some other 
parts is much smaller and contains fewer seeds. 

The seeds are removed from the recently-gathered fruit, placed 
in heaps and covered with leaves, or put in boxes or pits in 
the ground for four or five days, until a certain degree of fer- 
mentation has taken place. They are then dried in the sun or 
before a fire, by which process they become dark in colour, and 
lose much of their peculiar, harsh and unpleasant taste. 

In preparing the cocoa beans for dietetic use, they are roasted 
in the same way as coffee, in large revolving cylinders over 
charcoal fires. The main object in the roasting is to develop 
the greatest possible amount of aroma, and produce a cocoa of full 
flavour and character. In the process of roasting the loss of 
weight is estimated at 10 per cent. 

After roasting, the beans are passed through a machine which 
gently cracks the kernels, reduces them to small fragments or 
nibs, and disengages the husks or shells, which thereby become 
easy of separation. This separation is effected by passing the 
crushed beans through a powerful winnowingmachine, when the nibs 
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pass out at one end and the broken husks at the other. The nibs 
are afterwards subjected to a further process of winnowing in small 
hand-sieves, the object of which is to separate the short steely 
needle-like germs, and at the same time to remove by the hand 
all mouldy or discoloured fragments. The sifting in this case is 
done in small quantities at a time, in order that the whole of the 
nibs may be exposed to view, and that no objectionable portion 
may escape detection. 

Nibs are the purest form in which cocoa is supplied to the 
public, but they require long boiling to effect their disintegration 
and to prepare an extract for use as a beverage. The beans or 
nibs, when reduced to a powder or paste, can be much more easily 
cooked, and it is in the ground state in which the great bulk of 
the cocoa, either mixed or unmixed with other substances, is 
prepared and sold to the public 

Of manufactured cocoas the two leading types are flake and 
rock cocoas. Flake cocoa is generally prepared from the entire 
roasted beans, which are ground in steel mills somewhat similar 
to those used for grinding coffee, and afterwards reduced to the 
condition of a coarse paste. Rock cocoa is prepared from the nibs 
ground to a smooth paste in a heated stone mill, the paste, while 
in a soft condition, being thoroughly mixed with certain proportions 
of sugar and some starchy substance such as arrowroot. In 
some instances sugar only is mixed with the cocoa paste to form 
rock cocoas. 

Most of the other preparations of cocoa, whether sold as 
soluble cocoa or chocolate, consist of mixtures of cocoa nibs 
with various substances ground together into a smooth paste. 
In the manufacture of soluble cocoas, arrowroot, sago, or some 
other starch, and sugar, either dry or in the form of a syrup, are 
combined with the cocoa-nib paste. The admixture of starch 
with the cocoa paste tends to mask the presence of the fat, and 
to render the cocoa more readily miscible with boiling water. The 
so-called soluble cocoas, although composed generally of the same 
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ingredients but in different proportions, are sold under various 
names, such as Homoeopathic, Iceland Moss, Rock Cocoa, etc 

The finer chocolates are composed of a mixture of pure cocoa 
paste and sugar, flavoured with vanilla or some other aromatic 
substance, but the cheaper kinds contain, in addition to sugar, a 
certain proportion of starch. Chocolates for eating are prepared 
with large proportions of sugar and various flavouring substances, 
and some of these form palatable and nutritious confections. 

Cocoa is sometimes deprived of a portion of its fat, and in 
that state agrees better with many persons than the pure cocoa. 
The fat is removed by placing the cocoa nibs in bags and 
subjecting them to pressure in heated presses. 

History. — Cocoa appears to have been known to the in- 
habitants of Central America from time immemorial, but beyond 
the fact that the Spaniards, at the date of their first visit to the 
great western continent, found it a common article of food among 
the natives, nothing definite is known concerning the place which 
it occupied in their dietary. Though the Spaniards at first dis- 
liked the beverage prepared from cocoa, yet in a short time they 
became exceedingly fond of it, and, its use spreading in their 
native country, cocoa soon became one of the most valued exports 
from their American colonies. It is stated that the Mexicans, in 
addition to preparing their common beverage from cocoa, were 
in the habit of employing the seeds as a kind of money, and this 
practice was maintained even at the time of Humboldt's travels in 
Mexico. Columbus appears to have brought home some samples 
of the cocoa fruit. For many years the Spaniards imported the 
cocoa in its prepared state, but ultimately they obtained the 
necessary knowledge and experience, and commenced its manu- 
facture in Spain from the beans imported in their natural state. 
This knowledge they carefully guarded, and were thus, for a long 
time, able to maintain a monopoly of the trade. 

It appears that cocoa, like tea, on its first introduction into 
Europe was considered to possess many valuable medicinal qualities,. 
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and that the physicians of the day prescribed it for various dis- 
eases. About the beginning of the seventeenth century cocoa 
found its way into England, and continued to be imported in the 
prepared state until the beginning of the eighteenth century, when 
several English manufactories were started. From that time the 
use of cocoa in this country has continued gradually to increase, 
as will be seen from the following figures, which exhibit the steady 
increase of cocoa entered for home consumption since 1820. 

1820 267,321 lbs. 

1830 425.382 „ 

1840 2,645,470 „ 

1850 3,080,641 „ 

i860 4,583,124 „ 

1870 6,943,102 „ 

1880 10,566,159 
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CHEMICAL COMPOSITION. 

The cocoa bean contains the following substances: fat, 
a volatile principle, starch, albumin, astringent matter, gum, 
cellulose, theobromine, another alkaloid resembling theine, 
water, mineral matter, cocoa red, and other undefined pro- 
ducts of the fermentative action to which the cocoa has been 
subjected. 

We have obtained the following results from the analysis of a 

sample of raw Trinidad cocoa nibs : 

Moisture 

Fat 

Starch ... 

Albuminous Matter, soluble .., 

,, ,, insoluble 

Astringent principle 
Gum 
Cellulose 
Alkaloids 
Cocoa Red 
Indefinite Organic Matter, insoluble 
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Cocoa contains from 6 to 8 per cent, of certain substances 
which cannot be classed under the better-known compounds 
mentioned above. They exist partly as products of fermenta- 
tion, and partly as indefinite vegetable substances, the exact 
composition of which has not been determined. 

We have in the cocoa bean a remarkable combination of 
nearly all the substances which constitute a perfect food. The 
non-fatty portion of the cocoa is as rich, if not richer than tea, in 
total nitrogen, alkaloids, and albuminous matter ; and, in addition, 
it contains a certain quantity of starch, and nearly twice the 
quantity of important soluble mineral salts found in tea extract. 
It is not, therefore, strange that cocoa holds so high a place in 
popular favour. 

Exaggerated ideas, we think, are, however, common regarding 
it, which arise from looking upon it as replacing so much of our 
more solid articles of food. Cocoa, as generally used, is essentially 
a stimulating and refreshing beverage like tea and coffee, the 
addition of any solid, like starch, except as a means of present- 
ing it in a convenient and agreeable form, being unnecessary. A 
healthy adult who was restricted to the small quantity of solid 
matter derived from cocoa in a cup of the prepared article, would 
fare poorly without the addition of a considerable quantity of 
the usual breadstuff's, meat, etc. If regard be had to the total 
importation of this article, it is obvious that cocoa forms but a 
very small proportion of the food of the population, and bears but 
a very indifferent proportion to the amount of food necessary for 
each person. 

The portion boiled out with water from pure cocoa powder 
contains by far the more valuable constituents of the bean. It 
contains nearly all the mineral matter, alkaloids, soluble albu- 
minoids, carbo-hydrates, and astringent substances, all of which 
are much more likely to be easily assimilated than the part of the 
bean insoluble in water. This latter is equal to about 20 per cent 
of the weight of the bean, and, in round numbers, consists of 
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7 per cent, insoluble albumen, 7 per cent, cellulose, and 6 per cent, 
indefinite colouring matter. If pure cocoa powder, therefore, 
were used in preparing the beverage by merely boiling in water 
and simply straining, the deficiency arising from the absence of 
the undissolved part of the cocoa, in a breakfast-cup of the pre- 
pared solution, would be more than replaced by less than half an 
ounce of bread. 

Fat. — This is sometimes called cocoa butter. It forms nearly 
one-half the weight of the cocoa bean, and is obtained as a 
solid, white, and inodorous fat, which does not readily become 
rancid. It is soluble in boiling alcohol, from which it crystallizes 
on cooling ; it melts at about the temperature of butter-fat, 86° F. 
(30 C), and yields, on saponification, oleic and certain other fatty 
acids, about which little is known. 

Volatile Principle. — This is said by some to be an essential 
oil. It is doubtful whether this is the case, as no trace of the 
characteristic odour of cocoa is obtained from the fatty residue 
removed from the cocoa by exhaustion with benzol. The volatile 
aromatic principle is dissolved out by cold water, and can from 
this extract be distilled over in presence of water, but no evidence 
of an oil is obtainable. It is no doubt produced during the 
fermentative process to which the cocoa is subjected, and further 
modified by the subsequent roasting of the beans. 

Starch. — This is a characteristic though not very abundant 
constituent of cocoa. The amount of starch present appears to 
have been over-estimated by several chemists who have investi- 
gated cocoa. The cocoa nib contains from 4 to 5 per cent, of 
starch, or about 8 per cent, calculated on the non-fatty portion 
of the bean. 

Albumin. — This is present to a great extent in the insoluble 
form, and is associated with the cellulose in the portion of the 
nib left after continued boiling in water. As in the case of tea 
and coffee, an indefinite albuminous compound is dissolved out 
from the powdered cocoa by boiling alcohol. This albuminoid 
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principle may not improbably have a more active and nourishing 
property than the substance usually recognised as ordinary albumin. 

Astringent Principle. — This substance appears to have been 
but little studied. It is of the nature of a tannin, though differing 
much from the tannin of tea and coffee. It rapidly changes 
during the process of analysis into cocoa red, which renders its 
quantitative estimation a matter of difficulty. It is precipitated 
by subacetate of lead, and can be obtained after removal of the 
lead by sulphuretted hydrogen. It gives a green precipitate with 
ferric chloride not unlike caffeic acid under similar treatment. 
When heated with a little chlorate of potash it undergoes a change, 
and then gives, with ferric chloride, a purple-black colouration, and, 
like tannic acid, is precipitated by gelatin. The astringent matter 
also gives an appreciable amount of glucose on being boiled for 
some time with a mineral acid. 

Gum. — A very small quantity of a gum-like substance is 
obtained from the cold-water infusion of the cocoa nibs. It 
somewhat resembles dextrin, but from the smallness of the 
amount there is but little importance attaching to it 

Cellulose. — Cocoa contains from 6 to 7 per cent of a substance 
corresponding to cellulose. Few attempts appear to have been 
made by chemists to estimate this body as distinct from starch, 
both substances being generally converted into sugar, and the 
total amount obtained reckoned as starch. Hence the amount 
of starch shown in some analyses of cocoa is nearly twice the 
actual quantity present 

Theobromine. — C7H8N4O2. This substance is the principal 
alkaloid of cocoa. It is found in nearly equal quantities in the 
husk and "nib" or kernel of the cocoa bean. It was dis- 
covered by Woskresensky, in 1841. Payen found 2*0 per cent.; 
Mitscherlich, 1*5 per cent.; Playfair and Lankester, 2 per cent 
Other chemists show much smaller amounts : Tuchen, 0*38 to 
066 ; Hassall, 0*47 to 0*78 ; and Muter, 0*9 per cent 

We have obtained the following percentages of theobromine, 
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and of a theine-like alkaloid, from the subjoined varieties of 
cocoa nibs : 



Cocoa. 


Theobromine 
per cent. 


Theine-like 
Alkaloid 
per cent. 


Guayaquil 

\Jl CXXaVXm* • • j ••• ••• ••• ••• ••• 


0-54 
0*91 


trace 


Surinam . 
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002 


X xlIxlQclCl ••• •■• ••• ••• ••• ••• 


o'59 


0*25 


• ■ XXUo IV ••• ••• ••• ••• ••• 


1*02 


o*33 



Theobromine, when quite pure, crystallizes in well-defined 
rhombic prisms. It is almost insoluble in benzol and petroleum 
spirit, very slightly soluble in cold water, alcohol, and chloroform, 
but easily soluble in boiling water and alcohol. It contains 31 '1 
per cent, of nitrogen, being richer in this substance than theine, 
which it otherwise closely resembles. Its subliming temperature 
has been fixed at about 554 F. (290 C), but it has been found 
that some of the theobromine is volatilised below that point. It 
forms, with acids, well-defined crystalline compounds, among which 
may be mentioned the nitrate and hydrochlorate. Like theine, 
it forms murexide by the action of nitric acid and ammonia. 

The alkaloid which has been found associated with theo- 
bromine crystallizes in fine silky needles resembling theine, with 
which it also corresponds in its solubility in benzol. It is present 
in both kernel and husk — in Trinidad cocoa to the extent of C25 
per cent, of the kernel, and 0*33 per cent of the husk; but 
Surinam nibs yielded only 0*02 per cent, of this substance. It 
contains 25*48 per cent, of nitrogen. 

Cocoa Red. — This substance gives the characteristic colour to 
cocoa. It does not appear to be present in the freshly-gathered 
bean, but arises from the oxidation of the astringent principle or 
natural tannin of the cocoa berry. This may account for the 
variable proportions of this substance found in different cocoas. 
It has the character of a resin, and is partly soluble in hot water, 
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but more soluble in alcohol. The different degrees of solubility 
may probably coincide with the extent of oxidation it has under- 
gone. A portion of this substance remains insoluble in the cocoa, 
even after treatment with boiling alcohol and water. 

Ash. — In four descriptions of cocoa-nibs we have found the 
percentage of ash to vary from 4^47 to 571, but the amount of 
inorganic matter in the husk is much higher. In the husk of the 
finest Trinidad beans we have found 10*19 P er cent * 

A complete analysis of the ash of cocoa will be found on 




MICROSCOPIC STRUCTURE. 
The cocoa bean has been already described as consisting of a 
husk or shell, and a kernel, the latter, when broken into fragments, 
forming the cocoa nibs of commerce. In Fig. 33, at a, b, and c, 
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is given the microscopic structure of the tissues of the husk, and 
at d and £ that of the tissues of the kernel. 

The outermost tissue of the husk represented at A consists of 
two layers of elongated quadrangular cells, one of which layers 
lying upon the other in a slanting direction imparts to the tissue 
a striated appearance. Towards the ends of the bean the cells of 
this tissue become smaller and somewhat hexangular. The second 
tissue, seen at b, constitutes the main substance of the husk, and 
consists chiefly of large circular or slightly angular cells containing 
mucilage and a considerable number of sphgeraphides. Several 
rows of spiral vessels run through this tissue from end to end. 
The third tissue, represented at c, is very characteristic, and con- 
sists of small hexangular cells, some of which are filled with dark 
granular matter. 

The kernel consists of a number of lobes irregular in size and 
shape, each of which is enveloped in a membrane composed of 
angular cells filled with granular matter, as seen at d. The sub- 
stance of these lobes consists of a mass of hexangular cells, repre- 
sented at e, containing small round starch granules, having a 
central hilum. 

ANALYSIS. 

Fat — This is best estimated by the use of petroleum spirit, or 
benzol. Fifty grains of the dry cocoa are bruised in a mortar, 
with the solvent employed, and the dissolved fat carefully separated 
by the aid of a good filter-paper. This operation is repeated several 
times, or until all traces of fat are removed. On the evaporation 
of the benzol, the fat is obtained as a perfectly white residue. We 
have obtained by this means from 47*0 to .53*0 per cent of fat 
from the cocoa nibs. 

Starch. — In the estimation of the starch and other constituents 
of the cocoa, the non-fatty portion is used which is insoluble in 
the benzol and left as an almost impalpable powder. 50 grains of 



COCOA. 83 

this powder are exhausted with alcohol ; the insoluble residue is 
then dried and boiled in water for four hours, or until all the starch 
is rendered soluble. The portion insoluble in boiling water should 
not give any colouration with iodine. The dissolved starch is 
boiled for 6 hours, with 20 cubic centimetres of normal sulphuric 
acid. Basic acetate of lead is then added, the filtrate decomposed 
with sulphuretted hydrogen, and the sulphide of lead removed by 
filtration. The filtrate or solution is next made up to a given 
bulk, and the sugar formed by the action of the sulphuric acid on 
the starch estimated by Fehling's solution. From the proportion 
of sugar obtained the amount of starch is calculated. As cocoa 
contains matter which very readily reduces copper solutions, the 
precipitation with basic acetate of lead must always be resorted to. 
Any estimation of sugar performed without this precaution will 
give fallacious results. 

Albumin, — The nitrogen in the portion insoluble in boiling 
water is estimated by combustion with copper oxide, and the 
percentage thus obtained multiplied by 6*3, gives the amount of 
albumin. The proportion of nitrogenous matter thus obtained 
is only about one-half the entire quantity present in the cocoa 
bean, exclusive of theobromine ; the remainder is dissolved out 
by alcohol and boiling water. The amount of nitrogen in the 
soluble portion is also estimated by copper oxide, but its con- 
version into an equivalent of albumin by the usual formula may, 
in the uncertainty attaching to the composition of some of these 
nitrogenous bodies, give rise to an erroneous result 

Astringent Matter. — This is estimated by digesting the non- 
fatty cocoa first with alcohol and then with boiling water. Keeping 
the two filtrates distinct, the latter is boiled down to a small bulk 
and alcohol added to it. Any precipitate that falls is filtered off, 
and the filtrate added to the primary alcoholic solution. To the 
mixed alcoholic solutions is next added acetate of lead, and the pre- 
cipitate that then falls is separated, washed, diffused in water, and 
the lead precipitated bypassing a current of sulphuretted hydrogen 
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through the liquid and filtering off the lead sulphide. The clear 
and colourless filtrate is then evaporated to dryness, and the 
residue weighed, the ash being subsequently determined and 
deducted from the total dry residue. As the solution evaporates 
it assumes a bright red hue, and part of the colouring matter 
of the residue becomes insoluble in water. 

Gum. — Five grams of the cocoa are exhausted first with 
benzol and then with alcohol. The residue is next treated with 
cold water for two hours, and filtered; the aqueous filtrate is 
evaporated to a small bulk, filtered, and to the filtrate alcohol of 
90 per cent, is added to precipitate the gum. The precipitate is 
thrown on a filter, washed with alcohol, and re-dissolved in a small 
quantity of water. The gum is again precipitated with alcohol, 
dried, and weighed on a tared filter. The amount of mineral 
matter in the gum is determined by ignition, and deducted from 
the total weight 

Cellulose. — After the starch has been rendered soluble, and the 
solution filtered off, the residue is boiled with 20 cubic centimetres 
of normal sulphuric acid for six hours, and the resulting sugar 
estimated with the precautions observed in the case of starch. In 
addition to the direct estimation before described, the starch may 
be determined by difference — that is, by deducting the amount 
equivalent to the cellulose from the total sugar formed after 
conversion of the starch and cellulose in the part insoluble in 
alcohol. 

Theobromine. — One of the earliest methods adopted for the 
separation of this alkaloid very much resembles that employed for 
the estimation of caffeine. An alcoholic extract of the bean was 
made, the alcohol evaporated, basic acetate of lead added, and the 
precipitate separated. Sulphuretted hydrogen was then passed 
through the filtrate, the precipitated sulphide of lead separated, and 
the solution evaporated nearly to dryness. Finally, the mass was 
extracted with alcohol, the filtrate partly evaporated, and then left 
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to crystallize. On repeating the crystallization the theobromine 
was obtained as an almost white powder. 

Our analysis of cocoa has confirmed the presence of a second 
distinct crystalline body, which exists in larger quantities in some 
descriptions of cocoa than in others, and in still larger proportion 
in the husk than in the corresponding kernel. As these alkaloids 
possess different degrees of solubility in the re-agents usually 
employed for the estimation of theobromine, it is necessary to 
employ certain precautions, so that the total amount of alkaloid 
may be obtained. The following process has been applied by us 
for the separation of the two substances, which were obtained in a 
state of considerable purity. 

One hundred grains of cocoa were repeatedly digested with hot 
benzol, and filtered. The benzol was distilled from the filtrates, 
the resulting fatty residue boiled with water, and then allowed to 
become cold, and the aqueous solution filtered off. This process 
was twice repeated to ensure complete removal of the alkaloid dis- 
solved out by benzol. The water extract was then evaporated to 
dryness, and the residue purified by solution successively in water 
and in benzol. A substance was then obtained — especially from 
Trinidad cocoa — which crystallized in fine silky needles, after the 
manner of theine. 

The cocoa which had been treated with benzol was mixed with 
ioo grains each of calcined magnesia and sharp sand, and made 
into a paste with water, and well mixed in a mortar. The mixture 
was dried in a water-bath, and afterwards repeatedly digested with 
separate quantities of alcohol of 90 per cent, strength for fifteen 
minutes in a flask with a cohobating apparatus attached. The 
filtrates were collected and the alcohol distilled off. The residue 
which contained the theobromine was transferred to a capsule, dried, 
and weighed. The dry residue was then treated with hot benzol to 
remove any traces of fat and of the theine-like crystals, which 
were subsequently isolated and weighed. The residue insoluble 
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in benzol was then twice treated with a little water, which had been 
cooled below 40 F. (4*4° C), and on decanting the water the theo- 
bromine was left as a powder perfectly white and pure, with the 
exception of a trace of inorganic matter, which was estimated by 
ignition. As even the cold water in some instances dissolved out 
a little of the theobromine, it was found desirable to evaporate the 
water extract to dryness, and again treat with cold water, when a 
further small quantity of crystals was obtained. If the crude 
residue obtained by alcohol from the magnesia mixture were sub- 
mitted to a nitrogen combustion with copper oxide, and the 
nitrogen found calculated into theobromine, a higher and 
probably more accurate percentage of alkaloids would be 
obtained. 

Ash. — The following table exhibits the percentage compo- 
sition of the ash of cocoa nibs and husk : 

Analysis of the Ash of Cocoa Nibs and Husk. 







1. 


2. 


3» 


4. 


.5- 


Constituents. 




Guaya- 
quil 


Surinam 


Grenada 


Finest 
Trinidad 


Finest 
Trinidad 






Nibs. 


Nibs. 


Nibs. 


Nibs. 


Husk. 


Sand 


• • • • • * 




_ 






5'i2 


Silica 


• • • • • • 


•i5 


— 


— 


— 


2'87 


Chloride of Sodium 


... NaCl 


•46 


•53 


•57 


•65 


•44 


Soda 


... Na£0 


•46 


•63 


•57 


•83 


•94 


Potash 


... ICjO 


23'35 


28*00 


27-64 


29-30 


37«9 


Magnesia 


... MgO 


19-18 


20 "66 


I9-8I 


18-23 


13*04 


Lime ... 


... CaO 


3 '24 


f38 


4'53 


6-51 


7*30 


Alumina 


... AI2O3 


•10 


•04 


•08 


•08 


•55 


Protoxide of Iron 


... FeO 


•21 


•38 


•is 


•10 


*3 


Carbonic Anhydride 


... C0 2 


•69 


3*3i 


2*92 


4-19 


10*80 


Sulphuric „ 


... S0 3 


277 


4-29 


4*53 


3*9i 


3*25 


Phosphoric „ 


... P2O5 

• • • • • • 


49*39 


3778 


39 '2o 


36*20 


17*17 


Total 


IOO'OO 


100*00 


IOO'OO 


IOO'OO 


IOO'OO 
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It will be seen from the above analyses of the ash of the 
cocoa nib that the total amount of ash and of the several con- 
stituents of which it is composed, very closely correspond in the 
case of Nos. 2, 3, and 4. No. 1 — the Guayaquil — has a pre- 
eminent position with regard to its total ash, and perhaps also in 
an equal degree in the amount of its phosphoric acid (P2 O5), 
which forms practically one half of the entire ash and is equal to 
179 per cent on- the whole cocoa kernel. The ash is distin- 
guished by the small amount of chlorine, soda, and carbonates 
present, and it may also be remarked that the magnesia is from 
three to five times greater in quantity than the lime, a circumstance 
somewhat unusual in the ash of vegetable products. 

The ash obtained from the husk is about three times the 
quantity found in the kernel of the cocoa from which the husk 
was derived. Though the phosphoric acid bears a lower propor- 
tion to the other constituents of the ash of the husk, yet in actual 
amount it is half as much again as the phosphoric acid in the 
same weight of the kernel. The potash alone in the husk is more 
than the average weight of ash obtained from the four varieties of 
the kernel. 



Table showing the Percentage of Moisture, and of Total Ash 
in various Cocoas, with the relative solubility of the latter. 



Description. 


Per 

Cent. 

Moisture. 


Ash from ioo Grains — Dry. 


Soluble 

in 
Water. 


Insoluble 
in Water, 
but # 
soluble in 
Dilute 
Hydro- 
chloric 
Acid. 


Insoluble 
in Dilute 
Hydro- 
chloric 
Acid. 
(1 to 8). 


Total. 


Guayaquil Nibs 

Surinam ,, 

Grenada „ 

Finest Trinidad Nibs 

tt ff XlUSJC... ... 


5*o6 

4*55 

57i 

4*47 
10-19 


2*04 
1*26 
I '37 

1-28 
474 


1-59 
1*64 

i*45 
1 '47 
3*38 


none 

It 
»> 
»> 

0*51 


3*63 
2*90 

2-82 

275 

8-63 
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Table showing the Percentage of Ash Soluble and Insoluble in 
Water and Dilute Hydrochloric Acid respectively. 



Description. 


Soluble 

in 
Water. 


Insoluble in 

Water, but 

soluble in 

Dilute 

Hydrochloric 

Acid. 


Insoluble in 

Dilute 

Hydrochloric 

Acid. 

(1 to 8). 


Guayaquil Nibs 

Surinam ,, 
Grenada ,, 
Finest Trinidad Nibs 

• • • * X JL UdJn. ••• ••• ••• 


56-20 

43*45 
48-58 

46*55 
54*92 


43'8o 

56-55 
5I-42 

53*45 
39*17 


none 

ft 

99 
5'9I 



A noteworthy feature in connection with the mineral matter 
of cocoa is the large proportion which is soluble even in cold 
water. Two cocoas were exhausted with cold water and the 
mineral matter in the filtrate estimated by ignition, with the 
following results : 

Guayaquil 2*96 per cent. 

Trinidad 2-44 ,, 

It will thus be seen that, in using only the boiled extract of 
cocoa for dietetic purposes, nearly all the available mineral matter 
is obtained in solution. 



' 



ADULTERATION OF COCOA. 

The practice has existed for many years of adding starch and 
sugar to cocoa in the manufacture of prepared or soluble cocoas, 
and so long as these preparations are not sold under the denomina- 
tion of pure or unmixed cocoa, the admixture cannot strictly be 
called a form of adulteration. 

As the proportion of fat in the natural cocoa has been found to 
disagree with many persons, a considerable popular demand has 
arisen for cocoas less rich in this constituent, and there appears to be 
little or no objection to the removal of, say, a moiety of the fat, which 
would still leave, in the case of most cocoas, at least 25 per cent. 
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The following tables show the general composition of com- 
mercial cocoas : 

No. 1. 
Analyses of Commercial Cocoas. 



Per Cent, of 


Pre- 
pared 
Cocoa. 


Iceland 

Moss 

Cocoa. 


Rock 
Cocoa. 


Flake 
Cocoa. 


Cocoa- 
tina. 


Choco- 
latine. 


Finest 
Trini- 
dad 

Nibs. 


Choco- 
late de 
Saute*. 


Cocoa 
Extract 


Moisture 
" ai ... , . . 
Starch (added)... , 
Sugar (cane) ... 
Non-fatty Cocoa 

• 

Percentage of 
Nitrogen . . . 


4*95 
24-94 

19-19 

23-03 

27-89 


5 '47 
16-86 
24-70 
29-23 

2374 


2-58 
2276 
17-56 
32*20 
24*90 


5*49 
28*24 

none 

»» 
66*27 


3'52 
23-98 
none 

»» 
72-50 


.4-40 
29*60 
none 

it 

66 -co 


2-60 

5177 

none 
45*63 


1-44 

22*o8 

2*00 

6l*2I 

I3*27 


5 76 
29*50 
none 

>» 

64*74 


100 -co 


IOO 'CO 


IOO -co 


100-00 


100 -co 


ioo -co 


100*00 


100*00 


IOO'OO 


2-24 


1-38 


* 


3*o6 


4-07 


4*36 


2*95 


* 


* 



* Nitrogen not determined. 

No. 2. 
Analyses of Commercial Cocoas. 





Per Cent. 


Amount of 








Name. 


Of 
Ash. 


Of Cocoa 

soluble in 

Cold Water. 


Ash in portion 

Soluble in 
Cold Water. 


Prepared Cocoa 


1 • • • • 


i'5 2 


31-66 


1*17 


Iceland Moss Cocoa ... 


» * • • • 


1-83 


40*80 


I*06 


Rock Cocoa 


• • • • 


1*56 


3670 


0*90 


JC XdUWC * * • • • • • • • « 


• • • • 


5 '39 


l8*IO 


4*oo 


Cocoatina 


• • • • 


681 


18 -co 


3 '95 


Chocolatine 


• • * • 


6*14 


l8*50 


4*50 


Finest Trinidad "Nibs" 


» • • • 


2-86 


IO-58 


2*44 


Chocolate de Sante 


» • • • • 


176 


65-60 


1*26 


Cocoa Extract 


• • • • 


5-64 


1672 


4*36 



From the above analyses it will be seen that several of the 
commercial cocoas consist of the powdered nibs only deprived of 
from 40 to 50 per cent, of their fat. 
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"Flake cocoa" contains the husk in a ground state. As the 
husk contains more ash and extractive than the kernel, the 
presence of the former raises the proportion of the ash ; and in 
cases where the quantity of ash is taken as a criterion of the value 
of a prepared cocoa, the husk gives an apparent increase in 
value. 

The four mixed cocoas in Table i fairly represent the com- 
position of the commercial articles of this class. 

Some of the results of an analysis of a sample of Trinidad 
"nibs" are entered in Table i as a means of comparison, 
Trinidad cocoa being selected as, in chemical composition, 
it stands midway between the poorer and richer varieties of 
cocoa. 

It is said that the adulteration of cocoa has been practised by 
the addition of chicory, oxide of iron, ferruginous earth, chalk, 
sulphate of lime, etc. In recent years, however, there is little 
reason to believe that these substances have been added to 
cocoa. 

In the examination of commercial cocoas the estimation of the 
fat and of the added starch and sugar will usually give an accurate 
idea as to the amount of cocoa contained in a sample. An 
indirect method of arriving at this result, and employed by some 
chemists, is to make a cold-water extract of the cocoa, estimate 
the dry extract and percentage of ash contained in it, and, by the 
adoption of certain standards for pure cocoa, by a simple calcula- 
tion determine the proportion of genuine cocoa present. This 
method is beset with some difficulties, and these partly arise from 
the want of uniformity in the results obtained from different kinds 
of genuine cocoa, and from the presence of the husk, which gives 
more extractive and mineral matter to water than the nib, and 
therefore unduly increases these. 

About three grams of the cocoa, and 200 cubic centimetres 
of water are taken. The cocoa is well rubbed up with a little of 
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the water in a porcelain mortar, and thoroughly rinsed out with 
the remainder into a flask. The cocoa is left in contact with 
the water for a definite number of hours, and then a sufficient 
quantity filtered to allow 40 or 50 cubic centimetres being taken 
for evaporation to dryness, and from the result the total amount 
soluble in cold water is easily calculated. The dry residue is 
ignited to obtain the amount of ash. In the analysis of a Trinidad 
cocoa, the amount of ash in the cold water solution was 2*44 per 
cent, and that obtained from a prepared cocoa was 0*90 per 
cent. The calculation of the proportion of cocoa in the latter 
sample from the above data is therefore as 2*44 : 0*90 : : 100 : 37. 
This result is below the true quantity, judging from the direct 
•estimation of the sugar and starch in the sample. The deter- 
mination of the ash affords a useful but rather rough test. 

Sugar. — To directly estimate the sugar in commercial cocoa, 
two grams are taken and exhausted with alcohol of 70 per cent, 
strength ; the spirit is evaporated, acetate of lead added, and the 
precipitate separated; the filtrate is freed from lead with 
sulphuretted hydrogen, and the solution boiled with a few 
drops of sulphuric acid to invert the cane-sugar, and the amount 
present is then determined by a standard solution of copper 
salt 

Starch. — It has already been stated that cocoa contains from 
4 to 5 per cent of starch ; but there is no difficulty in distinguishing 
and identifying the starches commonly employed for mixing with 
cocoa from the starch natural thereto. The granules of the starch 
of cocoa differ in size and shape, as well as in other characters, 
from those of the starches which are used in the preparation of 
some commercial cocoas. The starches employed for this pur- 
pose are limited in number, and usually consist of arrowroot, sago, 
tous-les-mois, and sometimes potato. 
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Arrowroot — The microscopic appearance of this starch is 
represented in Fig. 24. The granules are more or less oblong 




FIG. 24. — ARROWROOT. 



in shape, and generally marked with a series of delicate con- 
centric rings. 
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Sago. — The appearance of the granules of this starch under 
the microscope is given in Fig. 25. The granules are elongated, 




fig. 25.— SAGO. 



round at one end, truncated at the other, and altogether so dis- 
tinctive in size and shape that they are readily identified. 
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Tous-les-Mois. — The granules of this starch are given in Fig. 26* 
They are ovate in form, obtuse at one extremity and somewhat 
pointed at the other, and are marked by a series of regular and 
distinct concentric rings. The hilum, which is circular, is situated 
near the pointed extremity. 

Potato. — The granules of this starch are represented in Fig. 27. 
They vary greatly in size and form ; some being triangular or 
oyster shape, some ovate, and others round, especially the smaller 
ones. The granules are marked by well-defined concentric rings, 
and bear a hilum which is sometimes circular and sometimes 
stellate. 

A general idea of the quantity of added starch may be arrived 
at by the microscope, by comparing the appearance of the mixed 
cocoa with equal portions of cocoa containing known percentages 
of the kind of starch identified in the sample. 

The amount of added starch in a cocoa may also be 
determined by chemical analysis. In making this analysis the 
residue left after treatment with alcohol for the estimation of 
sugar, is boiled with water for ten minutes with the addition of 
five drops of sulphuric acid. By this means the starch is 
rendered soluble and can be readily filtered from the albuminous 
matter, whilst the cellulose remains practically unaffected. 
The soluble starch is removed by filtration, and, after the 
addition of ten drops of sulphuric acid, boiled for six hours 
to convert the starch into glucose. The colouring matter 
is removed as usual with subacetate of lead, and the amount of 
sugar estimated by the copper solution, from which the percentage 
of starch is calculated. As cocoa contains from 4 to 5 per cent, 
of starch, an equivalent deduction on this account must be made 
from the total amount of starch obtained. 

Chicory. — The presence of chicory is indicated by the high 
colour of a cold-water extract, and proved by the subsequent 
detection of the characteristic tissue by the aid of the microscope. 
It might be estimated by one of the methods described under 
Coffee. 




FIG, 27.— POTATO, 



96 COCOA. 

Iron Oxide. — This compound is indicated by the red colour 
of the ash residue after ignition of the cocoa ; but its presence, 
as well as that of the sulphate and carbonate of lime, is of such 
rare occurrence that comparatively little interest attaches to this 
part of the analysis. If either of the substances were indicated, 
their estimation could be effected by the usual process for the 
estimation of lime, sulphates, etc. 
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SUGAR. 



Sugars are amongst the most widely-diffused substances in the 
vegetable kingdom; but those which appear in commerce are 
capable of being divided into two classes — viz. that corresponding 
to sugar from the sugar-cane, and the class corresponding to 
glucose. 

Origin. — Sucrose, or cane-sugar, has its source — 

i st. In certain grasses, to which the generic name Saccharum 
is applied, and which are cultivated chiefly in India, the East 
and West India Islands, Mauritius, South America, and 
China. 

2nd. In Sorghum saceharafus, a native of India, cultivated in 
the United States under the name of Chinese sugar-cane, and 
known also as " Sorghum." 

3rd. In the common beet (Beta vulgaris). 

4th. In the sap of the sugar-maple (Acer saeeharinum). 

5th. In the sap of certain palms, such as the cocoa-nut (Cocos 
nucifera), the wild date-palm (Phoenix sy/vesfris), and the Borassus 
flabelli/ormiSy from which is derived a low-class sugar, known 
in commerce by the name of " Jaggery." 

6th. In the green stalks of maize or Indian corn (Zea mays). 

The sugar derived from the above sources is that which is 
almost exclusively used for domestic purposes. It is crystalline, 
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soluble in one-third of its weight of cold water, and, when pure, 
has a specific gravity of 1-593 at 39 F. (4 C.) 

The principal sugars corresponding to glucose are — Dextro 
glucose, produced by the hydration of starch under the influence of 
dilute acids, and existing ready-formed, sometimes with cane-sugar 
and sometimes with laevulose in fruits ; Maltose, produced by the 
action of malt-extract on starch; Zcevulose, formed from cane-sugar, 
along with dextro-glucose, by the action of dilute mineral acids — 
the two kinds existing in equal proportions in what is known 
as Invert Sugar; and Matmifose, produced by the oxidation of 
mannite. 

Description, — Cane-sugar.— There are a great many varieties of 
sugar-cane or Saccharum officinarum y the most important being 
the common cane, having a yellow stem, and called by the 
West Indians "Creole," or "Native Cane;" the purple cane, 
having a purple stem and richer juice, and called in India 
"karambou kari;" and the gigantic cane, having a large, 
light-coloured stem, called in India, "karambou valli." They 
are all the products of tropical or sub-tropical climates, 
flourishing best in moist and nutritious soils. They vary in 
height from 6 feet to 18 feet, the average being 10 or 12. 
The diameter of the stem is from 1^ to 2 inches, and the 
joints on a single stem number from 40 to 80. They require 
from twelve to sixteen months to arrive at maturity. After 
being cut down, they strike again from the stole, the fresh stems 
being called "rattoons." The length of the joint diminishes 
every year, while the richness of the juice increases. At the end 
of five or six years, however, it is necessary to renew the planta- 
tion. As soon as the canes are ripe, they are cut down during 
dry weather, stripped of their leaves and watery top joints, which 
serve for shoots, then carried as quickly as possible to the mill- 
house, and crushed between rollers. The juice — which, as it flows 
from the mill, varies in specific gravity from 1 '067 to 1 • 106— is then 
heated slightly, and treated either with milk of lime or sulphite of 
lime, by which the small quantity of acid present in the solutionis 
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neutralised, the tendency to fermentation corrected, and a large 
quantity of impurities made to rise to the top in the form of scum. 
This being removed, the partly-clarified juice is evaporated down 
and crystallized, the product being imported into this country 
chiefly as raw sugar. 

Cane-syrups show a greater tendency than beet-syrups to 
become acid and pass into the invert form of sugar in the 
process of boiling down, and the loss of crystallized sugar from 
this cause is very large. It has been estimated that sugar-cane 
contains about 18 per cent, of sugar, of which about one-third 
is left in the canes after crushing, and is therefore lost ; that an 
acre of land will grow 30 tons of canes; but that, owing to 
the loss in crushing and boiling down, the acre does not pro- 
duce more in actual practice than 2% tons of raw sugar. The 
molasses produced is to a great extent used in distilleries for 
the manufacture of rum. Large quantities of raw sugar im- 
ported into this country go into the hands of the refiners, whose 
business it is to cleanse or purify it. To effect this it is re- 
dissolved, generally in about half its weight of water, and the 
solution sometimes heated with bullocks' blood, which, on co- 
agulation, has the effect of removing solid impurities, the coagu- 
lated mass being separated by filtration. Having been again 
heated, the syrup is run through a long column of animal char- 
coal, whence, having been partially decolourised and deprived of 
gummy matter, it is passed to a vacuum-pan, and concentrated 
until it becomes what is called " supersaturated," after which 
it is allowed to crystallize. If it is required to make loaf- 
sugar, the air is admitted when the liquor has got beyond 
the crystallizing point, and the temperature is raised, by which 
some of the smaller crystals pass again into solution. This 
heated mixture of liquid and crystals is thrown as rapidly as 
possible into moulds, in which it is allowed to stand for a couple 
of days to drain and harden. At the end of this time a saturated 
solution of pure white sugar is passed through the moulds in 
order to wash the crystals and remove any impure syrup from 
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the pores. The sugar is next removed from the moulds and 
placed in a stove heated by steam, for four or five days, or until 
thoroughly dry, when it is fit for the market. 

Beetroot-sugar.— The process for the manufacture of sugar from 
beetroot is as follows : The roots are first washed, and then freed 
from the crowns, as well as from any decayed portion. They are 
then either crushed or subjected to what is called the " diffusion 
process." If the first plan be adopted, the roots are placed in 
a machine containing a large drum, the circumference of which 
is set with a number of saw-blades or teeth. This drum rotates, 
and as the roots are passed through they are rasped into a pulp, 
which falls into a cistern or hopper, where the juice is sepa- 
rated by pressure. In the diffusion process, the cleaned roots 
are sliced and placed in warm water for a time. The mixture 
of juice and water thus formed is then run into a second vessel 
containing more sliced roots, and so on to a third and a fourth, 
by which time it generally becomes sufficiently concentrated. 
The juice thus obtained is treated in the same way as the pro- 
duct of the crushing operation — that is, it is first heated with milk 
of lime to a temperature of 140 to 150 F. (6o° C. to 66 C.) in order 
to clarify it, and, the scum having been removed, carbonic acid is 
forced into it to precipitate any lime which has been dis- 
solved in the syrup, and in doing which it also carries down with 
it a quantity of colouring matter. The next operation is to pass 
the juice through animal charcoal, after which it is put into a 
vacuum-pan heated by steam, and evaporated to a syrup, having 
a specific gravity of from 1*200° to 1*300°, and containing from 
45 to 60 per cent, of sugar. The methods adopted for obtaining 
pure sugar from this syrup, do not differ essentially from those 
employed in refining the product of the sugar-cane. The refiner 
of beet-sugar, however, finds his syrups to contain a much larger 
quantity of potash salts, which it is his object to leave behind 
as completely as possible in the mother liquor, from which his 
last crystallization of sugar has been obtained. 

Maple-sugar.— The sugar-maple, Acer saccharinum — a tree abun- 
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dant in the'forests of North America — is a valuable source of sugar 
to the inhabitants in the interior of the Northern States. The tree 
is tapped in the spring of the year, and the sap which runs from 
it collected in vessels, and boiled down to the crystallizing point 
and strained, after which it is poured into moulds to solidify, and 
is then ready for use. 

Jaggery.— The sugar called " Jaggery," the product of various 
palm-trees, supplies the wants of a large number of the inhabitants 
of India. It is imported into this country, but is perhaps the 
lowest quality in the market, and is unfit for domestic purposes 
in its raw state, and, from the large proportion of invert-sugar 
contained in it, commands a very low price from the refiner. It 
however exercises an important influence in controlling the value 
of raw sugar in times of scarcity. 

Molasses, etc.— The mother liquor left in the crystallization of 
raw sugar is called Molasses ; that in the crystallization of refined 
sugar, Treacle, or Golden Syrup. These vary in composition, but 
contain some cane-sugar along with invert-sugar. The invention 
of the vacuum-pan — which is simply a means of boiling at a tem- 
perature lower than the boiling-point of the liquid at the ordinary 
pressure of the atmosphere — has largely reduced the amount of 
treacle and molasses produced in sugar manufacture. The treacle 
or molasses from beet is not considered fit for domestic use, and 
is therefore usually disposed of to the distiller to be converted 
into spirit 

Glucose.— The production of glucose from grain, or other sub- 
stances containing starch, is now carried on extensively in this 
country, and the sugar made is almost exclusively used as a sub- 
stitute for malt in the brewing of beer. There are at least two 
processes followed. In the first, the grain, being ground and 
separated from the husk, is thrown into a mixing-vat with about 
four times its weight of water, and from 2 to 4 per cent of its 
weight of sulphuric acid according to the nature of the substances 
used. This mixture is then passed into what is called a converter, 
where it is boiled for from twenty minutes to half an hour under 
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a pressure of about 70 lb. of steam, corresponding to a temperature 
of about 306 F. (15 2 C), by which the starch is changed into glu- 
cose or dextrose. Chalk is added to remove the sulphuric acid, 
and, after filtering, the syrup is partially evaporated in a vacuum-pan, 
and run through a column of charcoal to decolourise it. The next 
process is to boil it down to the necessary consistence in a vacuum- 
pan, under such a pressure that the boiling shall take place at 
a temperature not exceeding 150° F. (65 '5° C.) It is lastly run 
into moulds and allowed to cool, when it becomes perfectly solid, 
and is then ready for the market. On the Continent this variety 
of sugar is also made from potatoes, the process of conversion 
being essentially the same. 

The second mode of manufacture is to treat 100 parts of grain, 
or other substance containing starch, with 40 parts of water and 
3 parts of sulphuric acid. This mixture is allowed to stand for 
twenty-four hours in the cold, and then heated for about three 
minutes in the converter under a pressure of 65 lb. of steam. 
The removal of the sulphuric acid, the filtering and concentration, 
are then effected as before described; but by this process the 
conversion of the starch into glucose is not so complete as by 
that first given. 

Maltose is the name given to an article prepared from starch by 
the action of malt-extract. It differs in character from dextro-glucose 
in its optical properties, having a dextro-rotatory power of 150 , 
that of dextro-glucose being 5 6°. It also differs in its cupric- 
oxide reducing power, which is about 62 per cent, of that of 
glucose. Dubrunfaut, the French chemist, was the first to regard 
this as a distinct sugar, but we are indebted largely to the labours 
of O'Sullivan for what we know in regard to it Previous to the 
researches of these chemists it was considered to be a mixture 
of dextro-glucose and dextrin, and some of its chemical reactions 
favoured this view of its constitution. 

LcpotUose or Larvoglucose is a colourless uncrystallizable syrup 
as sweet as that of cane-sugar, and contained in equal proportions . 
with dextro-glucose in invert-sugar. Its distinctive property is the 
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power it possesses of turning the plane of polarisation to the left, 
and hence its name. This rotatory power, unlike that of dextro- 
glucose, varies very considerably with the temperature, being 106 
at 57 F. (14 C.) and only 53 at 196 F. (91 C.) It is formed along 
with dextro-glucose by warming a solution of cane-sugar with dilute 
acid ; by leaving it exposed to the air for a time ; or by exposing 
it to the action of yeast It exists with dextro-glucose in honey 
and many fruits, and is also found in treacle and molasses, 
which, as already stated, are mixtures of invert and cane sugars. 

Mannitose is the sugar derived from manna, from several sea- 
weeds, and from mushrooms. To prepare it, a substance called 
Mannite is dissolved out of manna by boiling alcohol. This is 
oxidised, in presence of platinum black, into mannitic acid and 
mannitose, and the mannitic - acid is removed by means of lime, 
with which it forms a compound insoluble in alcohol. 

Besides all these there is another sugar derived from milk, 
named " Lactose," which, however, will be more fully referred to 
under the head of Milk. 

History. — The word sugar is probably derived from the Sanscrit 
word sar&ara, which in the Persian became shukkur. It is supposed 
by Humboldt to have been known to the Chinese in very early 
times, and it is not improbable that it was in use by the ancient 
Jews, and that the Hebrew word occurring frequently in the Old 
Testament, sometimes rendered u calamus," and sometimes " sweet 
cane," has reference to it. Sugar is mentioned occasionally by 
the early historians as "honey from reeds," " saccharon," etc., 
and many medicinal properties are by them ascribed to it. Its 
introduction into Europe for dietetic purposes was in some 
measure due to the Crusaders. There can be little doubt but 
that the sugar-cane is natural to many islands in the West Indies, 
as well as to parts of South America, but it appears to be equally 
clear that the natives were not acquainted with the means of 
extracting sugar from it until after the Spanish and Portuguese 
colonisation. So quickly, however, did the manufacture spread 
that, according to the testimony of Oviedo, no fewer than thirty 
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sugar-mills were established in Hispaniola (St. Domingo), in 
1535; and in the island of St. Thomas (Portuguese), in 1620, 
there were seventy works, each employing not fewer than 200 
slaves, and forty ships being loaded yearly with the produce. 
We find that, in 1726, the French produced 33,000 hogsheads 
of sugar in St. Domingo, in 1742, 70,666 hogsheads; and in 
Martinique, Guadaloupe, and the lesser isles, 51,875 hogsheads. 
The whole produce of the British West India Islands imported 
into Great Britain was 60,950 hogsheads, but at this time the 
East Indies had been opened out by the enterprise of the East 
India Companies, and we were obtaining a large supply from that 
quarter of the globe. 

The art of refining sugar began to be practised in England in 

1544. 

The consumption of sugar in Great Britain in 1700 was esti- 
mated, according to McCulloch, at 10,000 tons; in 1790 it had 
reached 81,000 tons; in 1808, although the duty had been 
gradually raised from 3s. 5d. per cwt. (the rate during Queen 
Anne's reign) to 27s., the consumption had increased to 142,000 
tons. It fell during the Napoleon wars to 100,000 tons, and 
from that time there has been a steady increase, the amount 
in 1867 being 546,000 tons. The imports in 1877, including 
beet-sugar, were 1,003,161 tons; and in 1880, 1,001,285 tons. 

The discovery that beetroot contained sugar identical with 
that obtained from the sugar-cane, was first made known by 
Margraf, in 1747. The culture of the beet for the purpose 
of sugar manufacture did not, however, make much progress 
during that century, and it was mainly in consequence of the 
policy of Napoleon that it could be said to have come into 
competition with the product of the sugar-cane. From the peace 
of 1 815 to the year i860 it passed through many vicissitudes ; and, 
even after the latter date, it was confidently affirmed by refiners in 
this country that beet-sugar could not be deprived of the peculiar 
flavour attaching to beetroot itself, and on that account would 
never be a dangerous rival in this country to the product of the 
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sugar-cane. Difficulties which were then considered insuperable 
have, however, since been overcome, and the purest loaf-sugar is 
now found in our markets prepared from beet. In 1858 Johnston 
calculated the total beetroot sugar manufactured in the world at 
159,821 tons. In 1869 it was estimated at 689,500 tons for 
Europe alone; in 1877-78, at 1,420,800 tons; in 1878-79, at 
*>574>io° tons; in 1879-80— there being a failure in the crops — 
1,275,000 tons. 

The production of glucose from starch was first accomplished 
by M. Kirchoff, of St. Petersburg, in 1702. He recommended 
boiling the starch with 1 per cent, of sulphuric acid for thirty- 
six hours. The manufacture had been carried on for some years 
on theOontinent before its introduction into this country, and a 
liquid form of it is imported and used to some extent by con- 
fectioners. The solid form is, however, chiefly used by brewers, 
and comes into direct competition with the glucose made in this 
country by one of the methods we have described. 

CHEMICAL COMPOSITION. 

Pure cane-sugar has been analysed by many chemists. One of 
these results is as follows : 

Carbon 42*15 per cent. 

Hydrogen 6*47 

Oxygen 51*38 

This analysis agrees very closely with the recognised formula 
for sugar, C I3 H M IT . The specific gravity of the crystals of pure 
cane-sugar, according to Joule and Playfair, is 1*593 at 39° F. 
(4? C.) It melts at about 320 F. (160 C.) without losing weight 
to a clear pale yellow liquid, which is a mixture of dextro-glucose 
and levolusan. 

Dextro-glucose. Levolusan. 
CiaHaaOxi = C e Hi 2 O c + C Hi O O 5 . 

Heated to 410 F. (2io°C.) sugar is converted into a dark 
brown substance called Caramel, which is extensively used for 
colouring liquids. 
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Cane-sugar, unlike glucose, is decomposed by strong sulphuric 
acid, with copious formation of carbonaceous matter. It is not 
turned brown when treated with alkalis, and is insoluble in cold 
absolute alcohol. It dissolves in one-third of its weight of water 
at mean temperature, and in all proportions in boiling water. From 
a solution containing 5 parts of sugar to 1 part of water, three- 
fifths of the sugar crystallizes on cooling in four or six sided rhom- 
boidal prisms. 

ESTIMATION OF SUGAR. 

Cane-sugar does not precipitate the suboxide of copper from 
alkaline solutions of cupric tartrate, but it is very readily converted 
by boiling with dilute acid into invert-sugar, which does possess that 
property. Advantage is taken of this in what is generally called 
" Fehling's test." A solution is made by dissolving 86 grams of 
tartaric acid in crystals with 104 grams of caustic soda. To this 
is added 29 grams of sulphate of copper dissolved in water. The 
bulk is then made up by additional water to 1 litre. This is 
Fehling's solution, and in its application for the estimation of 
sugar it maybe used either " volumetrically" or "gravimetrically:" 
in either case it is necessary in the first place to have a standard. 
In the volumetric process, which is the easier, '625 gram of pure 
cane-sugar is for this purpose boiled for ten minutes with about 
4 ounces of water acidulated with 5 drops of concentrated 
sulphuric acid. The solution is then cooled, neutralised with 
solution of caustic soda, and made up to a bulk of 250 cubic 
centimetres. Twenty-five cubic centimetres of the copper solu- 
tion are then heated in a white glass flask to the boiling point, and 
the sugar solution is run into it from a burette, care being taken 
not to add more than will reduce the whole of the copper. 
It will generally be found that 40 cubic centimetres of the sugar 
solution, which correspond to *i gram cane-sugar, or '105 gram 
glucose, will be required to reduce the copper or decolourise 
25 cubic centimetres of copper solution. If more or less than 
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40 cubic centimetres are required, a corresponding difference will 
have to be made in the quantities of cane-sugar and glucose 
represented respectively. This result is applied in the examina- 
tion of saccharine substances or solutions in the following way : 
If a known weight — say 8 grams — of a liquid which contains 
glucose and cane-sugar be taken and made up to 250 cubic 
centimetres, and if it be found that 45 cubic centimetres of this 
diluted solution are required to reduce the copper in 25 cubic 
centimetres of Fehling's solution, the percentage of glucose is 
thus found : 

250 x 100 x *i = 6*94 per cent., the cane-sugar equivalent, 
45 x 8 or 7*30 per cent, glucose. 

It is then necessary to make a second experiment to find the 

total amount of sugar present. A less weight than before — 

say 4 grams — is taken and boiled for four minutes with about 

4 ounces of water and 5 cubic centimetres of normal sulphuric 

acid to invert the cane-sugar. It is then neutralised with soda 

and made up as before to 250 cubic centimetres at 6o° F. (15 '5° C.),, 

and if it be then found that 50 cubic centimetres of this solution 

are necessary to reduce the copper in 25 cubic centimetres of 

Fehling's solution, the total sugar in the liquid, calculated as 

cane-sugar, is as follows : 

250 x 100 x *i — 1 2 '5 ; and 12*5 - 6*94 = 5*56, the percentage of 
50 x 4 cane-sugar present 

In the gravimetric method, the standard is the quantity of 
cuprous oxide precipitated by a given quantity of sugar-solu- 
tion. The cuprous oxide being either ignited with a little 
nitric acid, and weighed as cupric oxide, or, as recommended 
by Pavey, the suboxide of copper is dissolved, and the copper 
precipitated from it by electrolysis and weighed. Fehling's test, 
although fairly accurate, where the percentage exceeds 0^5 per 
cent, is not well adapted for cases in which it falls below that 
quantity. Knapp's method, based upon the decomposition of 
an alkaline solution of cyanide of mercury, has been suggested 
where the quantity of sugar is very small. The standard liquid is 
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prepared by dissolving 10 grams pure dry mercuric cyanide in 
water, adding ioo cubic centimetres of sodium hydrate solution — 
specific gravity 1*145, and diluting to 1,000 cubic centimetres. 
Ten cubic centimetres of this solution are equal to 25 milli- 
grams of glucose. To apply the test, 10 cubic centimetres 
of the solution, diluted with from 20 to 30 cubic centimetres 
of water, are heated to the boiling point. The sugar solution is 
run in from a burette until the whole of the mercury is precipitated. 
When the precipitate has settled, a drop of the supernatant liquid, 
which has a more or less yellow tint, is transferred by means of a 
capillary tube to a thin pure white Swedish filter-paper. This 
paper is held, first over a bottle containing strong hydrochloric 
acid, and then over a saturated sulphuretted hydrogen solution. 
The slightest trace of mercury is shown by the production of a 
light brown or yellow stain. It is well to place a drop of the 
original liquid beside that which has been subjected to the 
action of hydrochloric acid and sulphuretted hydrogen for 
comparison. 

Cane-sugar, when exposed to the action of yeast, is rapidly 
changed, first into invert - sugar, and then into alcohol and 
carbonic dioxide, the following being the reactions : 

1st. CuHagOn + H 2 = 2C 6 H 12 O e . 
2nd. C 6 H 12 O e = 2C0 2 + 2C 2 H 6 0. 

A process based upon the quantity of alcohol produced by fer- 
mentation from a given quantity of sugar has been long in use for 
estimating the percentage of sugar in substances to which, owing 
either to their colour or to the fact that they contain matter other 
than sugar capable of reducing salts of copper, Fehling's method 
cannot be applied. In determining the amount of sugar by the 
fermentation process, the quantity taken, in order to insure com- 
plete fermentation, should not exceed 100 grains. Assuming 
that 100 grains of the sample to be analysed, when dissolved in 
about a quart of water and fermented with 200 grains of pressed 
yeast, yield a distillate of 1,000 fluid grains of a density of 990-3 
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at 6o° F. (15*5° C), and that 200 grains of yeast similarly fer- 
mented yield a distillate of the same volume, having a density of 
998*3, the following calculations will give the percentage of cane- 
sugar or glucose present. By Gilpin's tables it will be found that 
mixtures of alcohol and water of a density of 990*3 and 998*3 
contain respectively 5*52 grains and '88 grain by weight of 
absolute alcohol in each 100 fluid grains, and therefore 55*2 and 
8*8 grains respectively will be contained in each distillate. De- 
ducting the latter from the former, there remain 46*4 grains of 
absolute alcohol as having been produced from the sugar. By 
the equations given above 342 parts by weight of cane-sugar, or 
360 parts of glucose, are seen to be necessary to produce theo- 
retically 184 parts of absolute alcohol ; hence 

* 6 '4 * 342 _ 
184 - * 6 2 

is the percentage of cane-sugar ; or 

46*4 x 360 

.84 =9 ° 7 

the percentage of glucose in the substance analysed. 

Should the rectifying power of the distilling apparatus used 
not be sufficient to insure the collection of the whole of the 
alcohol in the first distillate of 1,000 fluid grains, a second similar 
bulk must be distilled over, and the amount of alcohol found 
added to that obtained in the first distillate. 

As small quantities of glycerin and succinic acid are formed 
during fermentation, the amount of sugar, calculated from the 
alcohol produced, is invariably less than the true quantity, even 
under the most favourable conditions. It is sometimes desirable, 
therefore, in practice, to make experiments with pure cane-sugar, 
and to use the highest alcoholic result obtained as a factor for 
calculating the amount of sugar contained in saccharine sub- 
stances submitted to the fermentation test. 

Another process is to estimate the sugar from the loss of 
carbonic dioxide in the course of fermentation. Its application 
requires very great care in manipulation, and it is not likely to be 
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resorted to, except in cases in which the other processes are 
inapplicable. 

The most ready method of estimating the percentage of pure 
cane-sugar in raw sugars, whether derived from beet or cane, is 
by the polariscope. The principle of this instrument is that a 
plane polarised ray of light may always be considered as made up 
of two circularly polarised rays, and if these pass through a medium, 
such as sugar, tartaric acid, etc., which retards the one more than 
the other, the plane of polarisation of their resultant when they 
leave the medium will in general not be the same as that of the 
incident ray — or, in other words, it will have been caused to rotate 
through a certain angle, sometimes to the right and sometimes to 
the left. This rotation varies in the different descriptions of 
sugar, both in regard to the angle and the direction. If a tube 
i decimetre long be filled with a solution of pure cane-sugar, 
containing i gram in every cubic centimetre of fluid, it will 
rotate the plane of polarisation 73*8 degrees to the right, and this 
is called the specific rotatory power of pure cane-sugar. Rotation 
is in proportion to the length of the tube, and the mass of sub- 
stance possessing the "rotatory power, water being quite neutral. 
It follows, therefore, that if we take a solution, containing a deci- 
gram of pure cane-sugar in every cubic centimetre of fluid, 
the tube being the same length as before, we obtain a rotation 
of 7*38°. If we then take an impure cane-sugar, and make a 
solution such that it shall contain 1 decigram in every cubic 
centimetre of liquid, fill a tube, 1 decimetre in length, with such 
solution, and find the rotation to be 6*3°, we should, supposing 
no invert-sugar to be present, find the percentage of sugar 
by the following proportion : as 7*38 16-3:: 100 : x. The rule 
for finding the specific rotation from the observed rotation is: 
Divide the observed rotation by the length of the tube, multi- 
plied by the weight of sugar in each cubic centimetre of liquid, 
1 gram being the unit of weight, and 1 decimetre the unit of 
length. Thus if a solution, containing 0*150 gram of sugar in 



SUGAR. in 

•every cubic centimetre of fluid, has an observed rotatory power of 
16* 5 in a tube 2 decimetres long, the specific rotatory power 
would be 

(1) — — — =53*33° 
1 ' 2x0-150 D%> ** 

and if this were a cane-syrup, the percentage of sugar would be 
as 73*8 : 53*33 :: 100 : x. But raw sugars generally contain 
more or less invert-sugar ; and as glucose has a specific rotatory 
power of 56° to the right, while bevulose, at a temperature of 
57*2° F. (14° G), rotates 106 to the left, the specific rotation of 
invert-sugar at 57*2° F. must consequently be 



(2) !*z^ = 2S 



o 



to the left. If, therefore, at the temperature of 57*2° F. (14 C), 
we obtain a solution of sugar which produces a specific rotatory 
power of 67 , and we find by Fehling's test that it contains 4 per 
cent, of invert-sugar, we have the data necessary for estimating 
the cane-sugar. Let a = the percentage of invert-sugar by Fehling's 
test, b the specific rotatory power of the sugar examined, and x 
the percentage of crystallized cane-sugar, 

.. Then 100* + 25a _ 
(3) — 73* 

The polariscopes now in most general use are those in which 
the scale, instead of being marked with the angle, has upon it 
the percentage of crystallized sugar corresponding to that angle, 
the quantity of sugar used, and the volume to which it is made 
up, the length of tube being always the same. 

In the trade the percentage of crystallized sugar is not 
regarded as the sole criterion of value. The percentage corre- 
sponding to .the angle, given by the mixed sugars, is what is called 
by sugar merchants the percentage of crystallized sugar; and 
the percentage of ash, as well as the appearance of the sugar, is 
taken into account along with this indication in fixing the price. 
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It should also be remarked that beet-sugar, as will be seen by the 
analyses of various samples, contains very little invert-sugar, so 
little indeed that it is disregarded on the Continent. 

The following table exhibits the specific rotatory power of 
commercial sugars, with the amount of cane-sugar calculated 
directly therefrom, and also the quantities of invert-sugar, asb, 
and moisture : 



Description of Sugar. 


Specific 

Rotatory 

Power. 


Cane- 
sugar 
corre- 


Percentage 


of 


sponding 

to 
Rotation. 


Invert- 
Sugar. 


Ash. 


Moisture. 


Beet 




67*6° 


91*6 


Trace 


275 


273 




» « • ••• • < 


• • • • 


68 CP 


92*1 


I* 


i*93 


2*82 




» a • • a • m * 


• • • • 


70'8° 


95*9 


is 


i*35 


2 '29 




1 • * • • • t 


• • • • 


7I'0° 


96*2 


a 


1*22 


2*o6 




1 • • • a • •« 


• • • • 


69*9° 


94*8 


>• 


075 


1-68 




• a • • • • « 


• • • • 


69 7 


94 '5 


a 


I'42 


274 




» • • • • * • < 


• • • • 


66 7 


90-4 


>> 


2"30 


4-04 


China 


• • • a • * | 


• • • • 


59-6° 


8o-8 


6-94 


2*93 


5-58 


Natal 


■ • • ■ • » | 


■ t • • 


61 -8° 


837 


3-38 


2-89 


6*86 


Jaggery 


• • • • • • 


1 • • • 


6o'i° 


81 -4 


3'o6 


6*03 


5*22 


Trinidad . 


• ■ • • • • 


• • • • 


65*2° 


88-3 


5'oo 


1*19 


4-64 


Havannah 


• • * a 


69*6° 


94*3 


1 18 


0*36 


228 


Mauritius 


• ■ • « 


66-5° 


90*1 


3'*5 


I'OO 


278 


Manilla ... 


» • • • • 


61 -i 


828 


7-29 


3-28 


476 


Egyptian 


■ • • • • 


60 6° 


82-1 


4-81 


370 


3-00 


•• ••• •■• • 


i • • • • 


67*0° 


90-8 


3*47 


VM__ 


_ . 1 



If the formula (3) given above be applied to these results, the 
proportion of cane-sugar indicated will be from 1 to 2 per cent, 
more than the amount calculated directly from the angle of 
rotation. 

It is sometimes useful to determine the approximate value of 
a sugar from the specific gravity of its aqueous solution ; and for 
this purpose the following table, which shows the specific gravities 
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of solutions containing from i to 66 per cent by weight of pure 
cane-sugar, has been prepared : 



Parts by Weight. 


Specific Gravity 


Parts by Weight. 


Specific Gravity 

of the resulting 

Solution at 60" F. 






of the resulting 
Solution at 6o° F. 














Sugar. 


Water. 


(X55 C.) 


Sugar. 


Water. 


(i5'5 C.) 


I 


99 


1003*89 


34 


66 


"49*31 


2 


98 


I007'82 


35 


65 


1154-28 


3 


97 


IOII77 


36 


64 


1159*28 


4 


96 


KH575 


37 


63 


1164*32 


5 


95 


IOI976 


38 


62 


1169*40 


6 


94 


IO2379 


39 


61 


1174-51 


7 


93 


1027*84 


40 


60 


1179*66 


8 


92 


1031-93 


4i 


59 


"84*83 


9 


9i 


1036*06 


42 


58 


1190*05 


IO 


90 


1040*21 


43 


57 


1195-31 


ii 


89 


1044-39 


44 


56 


1 200 '60 


12 


88 


1048*61 


45 


55 


1205-93 


13 


87 


1052*86 


46 


54 


1211*29 


H 


86 


1057*13 


47 


53 


1216*69 


15 


85 
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48 


52 


1222*14 


16 


84 


106578 


49 


5i 


I227*6l 


17 


83 


1070*14 


5o 


50 


1233*13 


18 


82 


1074*54 


5i 


49 


1238*69 


19 


81 


1078*97 


52 


48 


I244'28 


20 


80 


1083-43 


53 


47 


I249'92 


21 


79 


1087-93 


54 


46 


1255*59 


22 


78 


1092-45 


55 


45 


I26l'30 


23 


77 


1097*01 


56 


44 


1267*04 


24 


76 


iioi*6o 


57 


43 


1272*83 


25 


75 


1 106 '22 


58 


42 


1278-65 


26 


74 


IIIO*87 


59 


4i 


1284*51 


27 


73 


III5*56 


60 


40 


1290*42 


28 


72 


1 120'28 


61 


39 


I296-35 


29 


7i 


II25-04 


62 


38 


I302*33 


30 


70 


1129*83 


63 


37 


I308*35 


31 


69 


II34-64 


64 


36 


I3I4-40 


32 


68 


ii39'5° 


65 


35 


I320-50 


33 


67 


"44*39 


66 


34 


1326*64 



ii4 SUGAR. 

ADULTERATION. 

Owing probably to the low price of cane-sugar, and to the 
difficulty of finding a suitable cheap adulterant, it is remarkably 
free from sophistication. If glucose or starch sugar were sus- 
pected to have been added, the quantity present might be 
estimated by Fehling's test, or by the polariscope, according to 
the methods previously described. 

Perhaps the most serious deceit now practised upon the 
consumer of sugar is the sale of the lower products of the refiner 
as raw sugar. These products, technically known as "pieces," 
are caused to crystallize in very small crystals, and thus to hold a 
comparatively large percentage of water as well as of invert-sugar. 
They possess much less sweetening power than raw sugar, but 
having generally less colour are erroneously supposed by the 
public to combine cheapness with superiority of quality. 



HONEY. 



Honey, as is well known, is the saccharine substance collected 
by bees from the nectaries of flowers, and stored by them in 
combs for winter use. It consists, as might be expected from 
its origin, of a mixture of various bodies, the principal of which 
are dextroglucose, lgevoglucose, and a third body, which is pro- 
bably one of the less known sugars. Besides these there are 
small proportions of wax, gum, pollen, and other vegetable and 
some mineral matters. 

The odour and flavour of honey vary according to the nature 
of the plants from which it has been collected. When new, it 
flows freely from the comb, and crystallizes after a time into a 
semi-solid mass. This change takes place to some extent in the 
comb if left for several months, and then heat and pressure are 
required for its removal. It is probable that the saccharine 
substances extracted from the flowers undergo modification in the 
honey-bag of the bees. In connection with this it has been 
observed that bees fed upon a solution of pure cane-sugar readily 
produce wax therefrom for the formation of the comb. 

The third principal constituent referred to as probably one of 
the less known sugars is only partially fermentable, and has no 
direct action upon cupf ic tartrate, but is gradually converted into 
glucose when boiled for several hours with a few drops of sulphuric 
acid. Some chemists have represented this body as cane-sugar, 
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HONEY. 



but when the samples of honey mentioned in the table below 
were boiled with sulphuric acid for a sufficient time to invert 
cane-sugar, the additional reduction of cupric tartrate corre- 
sponded to only 2*io per cent, of cane-sugar in the honey from 
comb, |md to less than i per cent, in the other four samples. It 
is therefore evident that but a small part of it, if any, is cane- 
sugar, and we have therefore placed it in the table as " sugar not 
identified." As honey is acid, and undergoes a slight fermentation, 
cane-sugar, even if originally present, would gradually be trans- 
formed into invert-sugar, and thus escape detection. 

The following results have been obtained from an examination 
of five samples of commercial honey : 



Percentage of 


Taken 

from 

Comb. 


Califor- 
nian. 


Nar- 
bonne. 


West 
Indian. 


Transyl- 
vanian. 


Moisture 

Glucoses ... 

Sugar not identified 

Gum 

Inorganic Matter 

Wax, Pollen, etc, and Loss ... 


17*42 

71*66 

IO'I2 

•23 

•13 
•44 


23'32 

68*52 
4*48 

•17 

•49 
3*02 


I7*IO 
74*04 

7*10 

13 
•28 

1 '35 


I9-65 
69*34 

7*55 
•36 
•27 

2*83 


22*75 
66*57 

7*97 

•22 

•32 

2*17 


jl otai ... ... ... 


100* 


100* 


100* 


100* 


100* 



The adulterants said to have been found in honey are gypsum, 
chalk, pipeclay, starch, glucose, and cane-sugar, but at the present 
day the three former are not likely to be used. Starch may be 
readily found by the microscope and solutions of iodine. Glucose 
cannot be detected by chemical means, and only by the polariscope 
when in sufficient quantity to change the angle of rotation beyond 
the limits found in genuine honey. Cane-sugar may be found by 
the copper test, and also by the polariscope ; and in this case the 
readings are taken both before and after inversion, the difference 
in the readings being proportionate to the amount of cane-sugar 
present. 



APPENDIX. 



TABLE I. 

For Converting Degrees of the Centigrade Thermometer into 

Degrees of Fahrenheit's Scale. 



Centigrade. 


Fahrenheit. 


Centigrade. 


Fahrenheit. 


o° 


32° 


105° 


221° 


5 


41 


I IO 


230 


10 


50 


115 


239 


15 


59 


I20 


248 


20 


68 


125 


257 


25 


77 


130 


266 


30 


86 


135 


275 


35 


95 


I40 


284 


40 


104 


145 


293 


45 


"3 


150 


302 


50 


122 


155 


3" 


55 


131 


160 


320 


60 


140 


I6 5 


329 


65 


149 


170 


338 


70 


158 


175 


347 


75 


167 


180 


356 


80 


176 


I8 5 


365 


85 


185 


190 


374 


90 


194 


195 


383 


95 


203 


| 200 

1 


392 


100 


212 


i 205 

1 


401 



u8 
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TABLE II. 
Comparison of French and English Measures of Weight. 





Grains. 




Milligram = 
Centigram = 
Decigram = 
Gram = 
Decagram = 
Hectogram = 
Kilogram = 
Myriagram = 


0-015432 

0*154323 

1*543235 

I5*432349 
154-323488 

1543-234880 

I5432*3488oO 

154323-488000 
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THE END. 



CHARLES DICKENS AND EVANS, CRYSTAL PALACE PRESS. 
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DRUCE & CO., 

68, 69, & 58, BAKER ST,, and 3 & 4, KING ST., 

PORTMAN SQUARE, LONDON, 

Decorators & Art Furniture Manufacturers, 



HAVE IN STOCK : 



ART 

DECORATIONS, 
Choice Selection 

WALL PAPERS. 

Estimates 
for Painting and 

Decorating 
Free of Charge. 



RED-ROOM 
FURNITURE, 
Upwards of 100 

Suites In all 
the Best Styles. 





ART 
FURNITURE 

grstorng-Jlaim 

Strntte 

In Stock for 
Selection, 
Queen Anne, 
Chippendale, 
Louis Seize, 



DINING-ROOM 
FURNITURE. 

$othtc, 

Elizabethan, 

Early English 



ART CARPETS, 

4ft. Early English Cabinet, ^"i8 ios. od. 



Persons furnishing, who consider good taste and economy a desideratum, 
should not fail to visit this establishment before deciding elsewhere. The 
Furniture Galleries and Show Rooms contain an assemblage of the most 
Artistic Furniture, the whole being of a superior class as to style and 
manufacture. 
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THE AUTOTYPE COMPANY, 

36, RATHBONE PLACE, 

Displays a noble Collection of facsimiles from the Drawings of the great Masters 
preserved in — 

The Albertina Collection at Vienna, 
The Louvre Museum at Paris, 
The Uffizj Gallery at Florence, 
The Oxford Gallery, 
Great Masters of the Italian School ; 

Also Autotype Copies of — 

The Frescoes of M. Angelo in the Sistine Chapel, 
The Frescoes of Raphael, 
The Paintings of the Luxembourg Gallery, 
The Chefs d'CEuvre in the Louvre Museum, 
Antique Sculpture ; 

And many noteworthy reproductions of Works of Modern Art, including — 

The Works of Sir Joshua Reynolds, 
The Turner's Liber Studiorum, 
Pritchett's Brush Notes in Holland, 
Beautiful Women of British Portraiture, 
Photographic Pictures by Julia M. Cameron, 
Studies by Rowbotham and J. F. Hardy, 
Landscape Views and Life Studies. 

^With^a choice selection of copies of the Paintings of contemporary Artists, among which 
maybe enumerated selections from the works of Poynter, R. A., Cope, R. A., Dyce, R. A., 
•Sant, R.A., Beavis, Boucherville, Ford Madox-Brown, Burne-Jones, L. Cattermole, 
Crome, Desanges, R. Elmore, Earl, Gouzalez, P. G. Hamerton, Hopkins, Lehmann, 
Lucy, Marks, De Neuville, Nichol, Nowlan, Rossetti, F. Shields, Cave Thomas, 
Ward, R.A., etc. etc 

Revised Catalogue, with reduced prices, on application to the Manager, 



To adorn the walls of Home with Artistic Masterpieces at little cost, visit 

36, RATHBONE PLACE, W. 



ADMISSION FREE. 
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NOVELLO, EWER & CO.'S 

MUSIC PRIMERS 

EDITED BY 

DR. STAINER. 



i. The Pianoforte (Price 2s.) - - - - E. Pauer. 

2. The Rudiments of Music (Price is.) W. H. Cummings. 

3. The Organ (Price 2s.) Dr. Stainer. 

4. The Harmonium (In the Press. Price 2s.) King Hall. 

5. Singing (4s. Paper boards, 5s.) - - A. Randegger. 

6. Speech in Song (Singer's Pronouncing 

Primer) (Price 2s.) - - - A. J. Ellis, f.r.s. 

7. Musical Forms (Price 2s.) - - - - E. Pauer. 

8. Harmony (Price 2s.) ... - Dr. Stainer. 

9. Counterpoint (Price 2s.) ... Dr. Bridge. 

10. Fugue (Price 2s.) ----- James Higgs. 

11. Scientific Basis of Music (Price is.) - Dr. Stone. 

13. Church Choir Training (Price is.) Rev. J. Troutbeck. 

14. Plain Song (Price 2s.) - - Rev. T. Helmore. 

15. Instrumentation (Price 2s.) - - E. Prout. 

16. The Elements of the Beautiful in 

Music (Price is.) E. Pauer. 

17. The Violin (Price 2s.) ... Berthold Tours. 

18. Tonic Sol-fa (Price is.) - John Curwen. 

19. Lancashire Sol-fa (Price is.) - James Greenwood. 

(to be continued.) 



Any of the above may be had, strongly bound in boards, price 64. each extra. 
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SMITH, ELDER, & CO.'S PUBLICATIONS. 

»i ■ ■ — i > « 

The following Works may be seen in the Library cf the Educational 

Collection, South Kensington Museum. 



WORKS BY JOHN MARSHALL, F.R.S., F.R.C.S., 

PROFESSOR OF ANATOMY, ROYAL ACADEMY OF ARTS ; LATE LECTURER ON ANATOMY 
AT THE GOVERNMENT SCHOOL OF DESIGN, SOUTH KENSINGTON ; PROFESSOR OF 
SURGERY IN UNIVERSITY COLLEGE, LONDON ; SENIOR SURGEON TO THE UNIVERSITY 

COLLEGE HOSPITAL; ETC., ETC. 



FOR ART EDUCATION. 

A RULE OF PROPORTION FOR THE HUMAN FIGURE. 

Illustrated by John S. Cuthbert. Folio. In Wrapper, 8s. ; or in Portfolio, 9s. 

ANATOMY FOR ARTISTS. Illustrated by Two Hundred 

Original Drawings by John S. Cuthbert. Engraved by J. and G. Nicholls. 
Imperial 8vo. Price 31s. 6d. 

A SERIES OF LIFE-SIZE ANATOMICAL DIAGRAMS 

OF THE HUMAN BODY, specially adapted for Art Students, Schools of Art, 
&c. Price 12s. 6d. each sheet, coloured ; or £1 is. each, selected Proofs, mounted 
on canvas, with rollers, and varnished. 

EXPLANATORY KEY, price is. 

FOR GENERAL EDUCATION. 

PHYSIOLOGICAL DIAGRAMS. An Entirely New Edition, 

extended and revised by the Author. Eleven Diagrams, life-size, each on paper 
7 feet by 3 feet 9 inches. Coloured, price 12s. 6d. each sheet ; or selected Proofs, 
more highly coloured, mounted on canvas, with rollers, and varnished, price £1 is. 
each. 

EXPLANATORY KEY, 16 pp. 8vo, is. 

A DESCRIPTION OF THE HUMAN BODY: Its Structure 

and Functions, Illustrated by Physiological Diagrams, designed for the use of 
Teachers in Schools and Young Men destined for the Medical Profession, and for 
• Popular Instruction generally. The Work contains 260 quarto pages of Text, 
bound in cloth, and 240 Coloured Illustrations, arranged in 11 Folio Plates, 
measuring 15 inches by 7^, in a limp Cover. Price of the Quarto Volume and 
Small Folio Atlas, 21s. 

LONDON : SMITH, ELDER, & CO., 15, WATERLOO PLACE. 
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€itg §t0gal Jfttt0ical fUjwaitorg, 

48, CHEAP SIDE, LONDON, E.C. 



KEITH, PROWSE, & CO. 

MUSICAL BOXES by Nicole Freres.— KEITH, PROWSE, & CO., direct 
importers, have the LARGEST STOCK of really fine BOXES in Europe. £$ to 
£jpo. Self-acting and Barrel Pianofortes, 18 to 1,200 guineas. 48, Cheapside, 

London. 

****•*• 

FLUTES. — New Model, for beauty of tone unsurpassed, 4 guineas and 7 guineas. 
Rudall's Prize- Medal Flutes, New and Secondhand. A great variety of Secondhand 
Flutes, 1 to 25 guineas.— At KEITH, PROWSE, & CO.'S Manufactory, 48, 
Cheapside. "Hints to Flute-Players," 4th edition, price 6d. 

» * * -V « * • 

BANJOES. — Cheapside Model is best. Covered back, machine head, &c, 5 guiaeas. 
Other models, 1 to 12 guineas. Self-instructing book, with airs, songs, &c, 6s. net, 
post free.— KEITH, PROWSE, & CO., Manufacturers, 48, Cheapside, London. 

******* 

THE OCARINA.— Latest Novelty ;n Musical Instruments; wonderfully simple ; flute- 
like tone. Price, 2s. to 10s. No. 5 (best with Pianoforte), 6s. Instructions, 6d. 
Book of Melodies, is. 6d. Patent Ocarinas, with tuning-slide, from 5s. Wholesale 
. and retail of KEITH, PROWSE, & CO. Remit direct to 48, Cheapside. 

******* 

ZITHERS.— KEITH, PROWSE, & CO. have a large selection at all prices from 

1 to 25 guineas; also strings, rings, &c, and music. A Professor gives instructions 

on the Zither. — City Royal Musical Repository, 48, Cheapside. 

******* 

STRINGS (from Rome) for the Harp, Violin, Violoncello, Guitar ; also Zither strings 
from Germany. The finest covered strings for all instruments. — KEITH, 
PROWSE, & CO., City Royal Musical Repository, 48, Cheapside. 

******* 

JEOLIAN HARPS (New Model) as exhibited at the International Exhibition, 
vibrating with the slightest breeze ; including case and key, 31s. 6d. Double Harps, 

2 to4 guineas. —KEITH, PROWSE, & CO., Manufacturers, 48, Cheapside, London. 

******* 

PORTABLE HARMONIUMS, for extreme climates, in solid polished teak, brass 
bound ; also Organ Accordions, in various sizes, from £4 to ^20. Instruction book, 
2s. 8d.— KEITH, PROWSE, & CO., 48, Cheapside, London. 

******** 

KEITH, PROWSE, & CO.'S New Foreign Model GRAND PIANOFORTE. 
Perfect metallic frame. Extreme length only 6 ft. Handsome walnut case. Net 
cash, ^55. — Warehouse, 48, Cheapside, London, E.C. 

******* 

KEITH, PROWSE, & CO.'S Boudoir Foreign Model PIANOFORTE, in walnut 
case. Admirably adapted for students. Full compass, £zi. No discount. — 
Warehouse, 48, Cheapside, London, E.C. 

******* 

Note.— OPERA, THEATRES, and CONCERTS.— KEITH, PROWSE, & CO. 
beg to mention that the best Boxes, Stalls, Dress Circle, and all Reserved Seats for 
above and all amusements, are always ready for sale at their City Booking Office, 48, 
Cheapside, E. C. Telegraphic Communication. 
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STRENGT H FOR TH E WEAK. 

The attention of the feeble, and those in failing health, is. particularly called to one of the 

greatest discoveries of modern times, known as 

LIEBIG'S CHEMICAL FOOD, 

OR 

WINK OF PHOSPHATES, 

A nutritious and invigorating Essence, highly recommended by the most eminent of the 
Medical Profession for the cure of Nervous Head and Mind Complaints, Coughs, Asthma 
and Incipient Consumption, Nervousness, Weakness and Exhaustion, Dimness of Sight, 
Shortness of Breath, Headache, Depression, Palpitation of the Heart, Drowsiness, Indi- 
gestion, Singing Noises in the Head and Ears, Trembling, Loss of Memory, Want of 
Appetite, Neuralgia, Pains and Aches, Wasting Diseases, Loss of Energy, Impaired 
Nutrition, Inactivity of the Brain with dulness of perception and delusions, and all other 
low states of the system indicating the presence of disease, which if not attended to in 
time may become serious. 

TESTIMONIAL from Sir CHARLES LOCOCK, Physician to the Queen. 

" I have for some years recommended LIEBIG'S CHEMICAL FOOD in cases of general ill-health 
with the most beneficial results. I find it to be a very pure preparation, containing amongst other things 
free and unoxydized Phosphorus highly diffused, and when persevered with has always seemed to give 
fresh life to the languid and exhausted, and health, strength, and energy. By its use the dull, the sluggish, 
the lazy and languid arise in the morning well and refreshed, with an appetite for food, and fit for study, 
society, or business. " Charles Locock, M.D." 

LIEBIG'S CHEMICAL FOOD 

Is the true strength-giver and health-restorer, nourishing both body and brain, supplying 
mental and physical power, and nerve and brain food. It is not at all like medicine, 
being entirely different to anything ever before introduced to the public, and tastes like 
some balmy, fragrant, and delicious Nectar. 

LIEBIG'S CHEMICAL FOOD 

Purifies and enriches the Blood, thereby rendering the skin clear and transparent, sharpens 
the intellect, strengthens the constitution, re-establishes the health, and thoroughly re- 
vitalises the system. 

Sold in Bottles at 2s., 4s., and 8s., and also in 33s. and £S Cases. Any Chemist not 
having it in Stock will procure it to order, and there is a great saying in buying the larger sizes. 

OPINIONS OF THE PRESS. 

" Far superior to beef-tea, port wine, and all tonic medicines." — Lancet. 

" A medicine suited alike to young and old, that cannot harm the most delicate, and very strengthening. " 
— Practitioner. 

" Nervous Debility, caused by the constitution having been injured in early life, can be cured by this 
remedy if taken judiciously." — Medical Times. 

"The nearest approach to a cure for Consumption that has yet been discovered." — British Medical 
Journal. 

" Particularly adapted to the female system." — New York Journal of Medicine and Surgery. 

" Seems to be a specific for every form of weakness, and cures most diseases." — Dublin Medical Press. 

"A mild remedy of universal application, and a good family medicine." — Monthly Journal of 
Pharmacy. 

" Lays the foundation of health in the young, and soon builds up a strong constitution." — Druitfs 
Surgeons' Vade-Mecum. 

" Will save ten times its cost in doctors' bills." — Pharmaceutical Journal. 

" It is one of the few preparations that can be depended upon, and must, in course of time, entirely 
supersede quinine, iron, cod liver oil, tonics, bitters, and the thousand and one fashionable, dear, and 
doubtful remedies." — Chemist and Druggist. 

SOLD BY MOST CHEMISTS 

XTo prevent confusion when you ask for LIEBIG'S CHEMICAL FOOD 
see that you get it, as our Agents sell all our Nutritives and Preparations, which are 
numerous. Remember that LIEBIG'S CHEMICAL FOOD is a medicine sold 
in Bottles and bearing the Government Stamp. 
London Agents : Barclay & Sons, 95, Farringdon Street ; Edwards & Sons, 157, Queen Victoria 
Street ; Newbery & Sons, 37, Newgate Street ; Millard & Sons, 40, Charterhouse Square ; Sanger 
& Sons, 150 and 252, Oxford Street ; Hovenden & Sons, 5, Great Marlborough Street, W., and 93 and 
95, City Road ; Sutton & Co. , 10, Bow Churchyard ; Butler & Crispe, 4, Cheapside ; Mather, Far- 
ringdon Road ; and Thompson, 121, New North Road. 

ORDER OF ANY CHEMIST. 

T.TI7RTC ANH CCi WANnQWMRTR RHAH T OMnnM QW 
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LOVELOCK'S 

IMPROVED 

MINCING AND SAUSAGE-MAKING MACHINES 
COFFEE-MILLS FOR DOMESTIC USE 



PRICES OF MINCING MACHINES, 


PRICES OF COFFEE HILLS. 


***■■ affiBlL 


JB ^° <L 


ias?od. ^^iBjf 


lOk sfod. 


2 r«"oa. ^Kmmr 


Mh|^P ro^oa. 


jzs* ^^PW 


™»V»ii a « 



y household. Cad be obtained 



of duTuam 



irbTdeS' 



in all parts of the World. Wholesale 



J. F. LOVELOCK, Broadway Works, George St., Hackney, London. 

ESTABLISHED 18B8. ^^ 

THE UNIVERSAL HOUSEHOLD REMEDIES 1 1 ! 



HOLLOWAY'S PILLS & OINTMENT 



These excellent FAMILY MEDICINES are Invaluable in the treatment of all ailments 
incidental to every HOUSEHOLD. The PILLS PURIFY, REGULATE, and 
STRENGTHEN the whole system, while the OINTMENT is unequalled for the cure of 
Bad Legs, Bad Breasts, Old Wounds, Sores, and Ulcers. Possessed of these REMEDIES, 
every Mother baa at once the means of curing most complaints to which herself or Family 
is liable. 

A^/S. — Advice Gratis at 533, Oxford Street, London, daily between the hours of 11 and 
\.orhy letter. 

LIGHT, HANDSOM E, AND ROOMY. 



10s. 6d. 



The 1 

Knockabout] 

*Baof* 



(Registered). 



Can only be obtained direct from the Manufacturer, 
HAHRON, The Tourist's Co-operative Store, 310, High Holborn, next Southampton 

(Removed from afii). 
Bags offered elsewhere as the " Knockabout," are fraudulent imitations. Illustrated List of For 
Trunks, Bags, and every article for travelling, post free. 



Advertisements — South Kensington Museum Art Handbooks. 



_i 



FOR 



BLANC-MANGE, PUDDINGS, CUSTARDS 



j 



Children's & Invalids' Diet, 



AND 



All the uses of Arrowroot, 

BROWN k POLSON'S 





Has a World-wide Reputation, 



And is distinguished for 



UNIFORMLY SUPERIOR QUALITY. 






Advertisements — South Kensington Museum Art Handbooks, 




GOODALL'S YORKSHIRE RELISH. 

The Most Delicious Sauce in the World. 

Bottles, 6d., is., and 2S. each. 

GOODALL'S BAKING POWDER. 

The Best in the World, id. Packets; 6d., IS., 2S., and 5s. Tins. 

GOODALL'S QUININE WINE. 

The Best, Cheapest, and most Agreeable Tonic yet introduced. 

Bottles, is., is. i#d., 3S., 2s. 3d. each. 

GOODALL'S CUSTARD POWDER. 

Makes delicious Custards without eggs, and at Half the Price. 

In Boxes, 6d. and is. each. 

GOODALL'S BRUNSWICK BLACK. 

For Painting Stoves, Grates, Iron, Tin, &c 6d. and is. Bottles. 

GOODALL'S BLANC-MANGE POWDER 

Makes rich and delicious Blanc-mange in a few minutes. 

In Boxes, 6d. and is. each. 

GOODALL'S MUSHROOM KETCHUP. 

Great Strength ! Perfect Purity ! ! and Unsurpassed Flavour. 

6cL, is., and 2S. Bottles. 

GOODALL'S GINGER BEER POWDER. 

Makes Three Gallons of the best Ginger Beer in the World for 3d. 

In Packets, 3d. and 6& each. 

GOODALL'S EGG POWDER. 

One Penny Packet will go as far as Four Eggs, and one Sixpenny 
Tin as far as Twenty-eight. In id. Packets ; 6<L and is. Tins. 



Shippers and the Trade Supplied by the Sole Proprietors, 

GOODALL, BACKHOUSE & CO., 

WHITE HORSE STREET, LEEDS. 



Advertisements — South Kensington Museum Art Handbooks. 

The Amateur Pottery and Glass 
Painter. 

ILDING, CHASING, BUR 
GROUND LAYING. 

By E. CAMPBELL HANCOCK. 



Ten Lectures on Art 

By E. J. POYNTER, R.A. 

Large orown 8vo, Sa. Second Edition. 

- a good many jean, futl of oka 
. The remaining conums ol' tl- 



„ a concise and earnest exposition of a system ol 

- ~-0 Ireatiseonthe prmciplcs »hich should direc. 

uiniciiDD oi a nation that can compare with this book," — Atfervzum. 

•'These Lectures are marked by clearness of thought, and soundness of judgment."— Daily JV 



Chapman and Hall, Limited, 193, Piccadilly. 



GOLD MEDAL, 




JOSEPH GILLOTT'S 



CELEBRATED 



^tcel $etts. 

BY ALL DEALERS THROUGHOUT THE -WORLD, 



Every Packet hears the 
fac simile 



Advertisements — South Kensington Museum Art Handbooks. 




J851. 1862. 

TURKEY, PERSIAN, AND INDIAN CARPETS. 

Carpet JJamrfactttttre to the jlosal Jamttj. 

SUPERIOR BRUSSELS, VELVET, SAXONY, 

And every otktr description of Carpets. 



WATSON, BONTOR, & CO., 

35 and 36, OLD BOND STREET, W. 

FARMER & ROGERS, 

Importers at Chinese, Japanese, anb Inihm (Soobs, 

117, 119, REGENT STREET, 

SPECIMENS OF THE CHIEF ART PRODUCTIONS 
OF THE EAST, 

CHEAP AND COSTLY PRESENTS. 



Choice Specimens of Oriental Porcelain and Enamels. 

ORIENTAL HEARTH RUGS from 12s. 0d. 

The Great Indian Shawl Warehouse. 



I 



BY SPECIAL APPOINTMENT TO THE QUEEN. | 

171, 173, 178, REGENT STREET. I 



Advertisements — South Kensington Museum Art Handbooks. 



LEVANT CARPET WAREHOUSE, 

108 & 109, HIGH HOLBORN. 

(Formerly at St. Helen's Place, Bishopsgate.) 



Established 1792. 



CARDINAL & HARFORD, 

IMPORTERS DIRECT OF 

TURKEY, PERSIAN, INDIAN, 

AND OTHER ORIENTAL 

CARPETS, RUGS, 
MATTINGS, &e. 

Of rare manufacture and in great variety, suitable for Public and 
Frivate Rooms of all kinds, Entrance Halls; St 
Corridors,. Church Sanctuaries, &c &c. 



Price Lists or Estimates on application. 



Special- Skwff n«£ ordinarily kept in Stock made to ordc. j 



INDIAN ART GALLERY. 



jgEbHI J3LUE |H OTTERY . 
jfe ALLA jJLUE L OTTERY. 
iff. ATTA JJROWN J OTTER Y. 
^UNJAUB JJUJE |)OTTERY. 
^ EROSHAH JJED JiJOTTERY. 
3t. LI6HAR JJLACK |JOTTERY. 



PROCTER & CO., 185, 0> 



On >ti EW 




AT THIS 

f.ALLERV , 

.A FINE 
SEbE@TIOH 

BOMBAY BLACKWOOD 

fDalbergia, Sps.) 
Of 

. finftiait Cnrbct) 
FURNITURE. 



PROCTER & CO., 185. OXFORD ST., 



INDIAN ART GALLERY, 




ON VIEW 
At above Gallery. 



PROCTER & CO., 185, OXFORD ST., W. 





STEEL., INL/tID ©OLE) S/tLVEI^i 
Copper, inlaid Silver, Sa, 

Zlj^lC, INL/tID SlbVER, S/tLVEF^ 
Brass, inlaid Lac, Salvers, 

PROCTER & CO., 185, OXFORD ST., 




GOLD MEDAL, PARIS, 187a 

■first Degree of Merit a nd Medals, Sydne y, 1880, Melbonrae, 1S81. 

FRVS COCO* 

EXTRACT 

Is guaranteed to be perfectly pure Cocoa only - 
the superfluous oil extracted. 

" If properly prepared, there is no nicer or more wholesome preparation of Cocoa."— - 

.-'■'■■,,, Food,- Water, and Air, Dr. Hassall™. 
"Pure Cocoa, from which apoition of its oily ingredients has been extracted." — " 

Chas. A. Cameron, M.D., F.K.C.S.I. 
"It is strictly pare, and well manufactured in every way,"— '«..■■-'■' 

. i ', W. W. STODDART, .FJ.C,, F.C.S. 
Try alio rHT'8 CABAGAS COCOA.-" A dellotca* preparation." 



t The BEST and CHEAPEST. First Established 1825. 



NEAVE'S INFANTS 

'FOR I AND 

FOOD ! INVALIDS. 



Lancbt.— " Carefully, prepared and! highly nutritious." 

■ British MbdiCaI Jouknai "Well adapted ftr children, aged people, and 

invalids." . ■ 

IN ONE POUND ONE SHILLING CANISTERS. 

Sold Eoerywhere. Wholesale of the Manufacturers, 

J. R. NE AVE & CO., 

FORDINGBKIDGE, ENGLAND. 



'V 



SOUTH KENSINGTON MUSEUM SCIENCE AND 

< ART HANDBOOKS. v / 

, . ' PUBLISHED kOR THE CO^MirrEE OF COUNCIL^ ON EDUCATION/ ' 

J ' ' ' ' * 

INDUSTRIAL ARTS OF INDIA. By George C. M. Biriv 

- \VOOP ri C\S. I. With Map and 174 .Illustration?, Urge paper -edition, *4$. 

JAPANESE POTTERY. Being a Native Report. Edited:by 

A. W. Franks, F.R.S., F.S.A. With numerous Illustrations and Marks, large 
^ crown 8to, 2s. 6d. ' ; ' * - 

r THE INDUSTRIAL ARTS IN SPAIN By Juan K Riano. 

Numerous Woodcuts* Large crown 8vo: 4s. ' , V 

GLASS: By -A.' Nesbitt. Illustrated. Large crown 8vo, 2s. 6d. 
^ZZ> AND SILVMSMITHS* frORK. By }. H. Pollen. 

Numerous Woodcub. Large cxowiv 8vp, 2s, 6d. \ ' 

BRONgES. By C. DRUfcY E. Fortnum, F.S.A. With numerous 

tj Woodcuts. Large crown 8VO, 2S* <?d. - > ^ J ' 

. ANIMAL. PRODUCl^l^x^x Preparation^ Gorpmercial Uses, 

t . and Value. By T. L. Simmonds. Large crown 8vo, 7^« ^ v - 

FOOD: A short Account "of* the Sources, Constituent and uses of 

Food. By A/H. Church:, M»A„Oxon. - J-arge erown 8vo, 3s. 

' TEXTILE FABRICS, By the Very Rev, DANIEL RQCK, D.D-; 

With ticttnerous/ Wpodcuts, ; Large crown. 8vo, 2s. 6d. . 

IVORIE'S- AMCIENT ANT> MEDIAEVAL, fey William 

Mask ell. With numerous Woodcuts. Large crown. 8vq, 2s. 6d. . 



1 1 



4NCIENT AND .MODERN FURNITURE AND WOOD-: 

• WORK. By J. H. Pollen. Withjiumerovjs AVoodcuts. 2s. 6d. 

MJJOLICA. By C. , Drury E, Fortnum, F.S.A. WiM 

; • numerous Woodcuts. Lakge crown 8vo, 2s, ;6d. • . .* 

MUSICAL INSTRUMENTS. ' By Carl ^ EncjeL; 1 /J With 

nutnerous Woodcuts/ Large crown 8vo, 2s* <&. - 

MANUAL OF DESIGN By GH-BERT R. REDGRAVE, With 

, Woodcuts, ■ Large crown 8vo, 2s. 6d, , - ; 

TAPESTRY. By Alfred Ci«AMPEAUX, With Woodcuts. 

Large cx< W h8vo,2s.6a. : -* '^ 

THE. INDUS TRIAL ARTS} historical Sketches. WitB 242 

. Illustrations,. 7s. 6di ■■/ , 

■ M l " 1 "' * " ' ' * ■ 

";. CHAlPAlAN AND HALL, L1MITE0, 7 ^ 

11, HENRIETTA STREET, qWENT GARDEN> W.C- ' 
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BATTY & CO. 

/( Est<$H$hed upwards cf Half $ Century), ',',, 

Fl N S B URY, LON DON., 

SIX PRIZE MEDALS from Exhibitions of London, 

1861 & 1862 ; Paris, 1867 & 1878 ; Vienna, & Amsterdam. 

FQtST PRIZE at the Sydney Exhibition, 1880. 



' PICKLES in the Pore Malt Vinegar made by Slee, Si.se, & : Go., 
London, and which has been us«t by Batty & Co. for more 
. than 40 years. ■'.'.-: 

ANCHOVY SAUCE for Fish. '..";.;. 

NABOB PICKLES- -Delicious and Enjoyable. 
NABOB SAUCE— Rich and Relishing. 
DR. KITCHENER'S SALAD CREAM, 
ORANGE MARMALADE, JAMS, AND JELLIES. 



